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Role of mast cells in inflammatory and reactive pathologies 
of pulp,  periapical area  and periodontium
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Review Article

INTRODUCTION

Mast cells (MCs) are important cells of  the immune system 
and are of  the hematopoietic lineage.[1] MCs are found in 
all connective tissue types of  the oral cavity, including the 
periodontal ligament, the dental pulp and the gingiva.[2] The 
induction of  inflammation by MCs is consequent upon 
the release of  preformed biological mediators as well as 
secondary mediators.[3]

Most of  the periapical and gingival lesions are inflammatory 
in origin, and these lesions are a response to periapical 
tissues to the microbial and chemical stimuli coming from 
the pulp through root canal system. Among the cells 
found in periapical lesions, MCs have been detected in 

inflammatory infiltrate of  periapical granulomas and cysts, 
suggesting a role of  MCs in inflammatory mechanism of  
these lesions.

Chronic generalized inflammatory gingival hyperplasia and 
pyogenic granuloma are common inflammatory gingival 
lesions. They represent inflammation and repair attempts 
that are stymied due to ongoing etiological stimulation.[4]

Among the cells found in periodontal tissues, MCs are 
detected both in healthy and inflamed gingiva.[5]

The role of  MCs in allergic diseases, anaphylaxis and 
autoimmunity has been well documented. However, 
their role in the pathogenesis of  oral pathologies is still 

Mast cells (MCs) have been discovered over 130 years ago; their function was almost exclusively linked to 
allergic affections. At the time being, it is well known that MCs possess a great variety of roles, in both 
physiologic and pathologic conditions. In the oral tissues, MCs release different pro-inflammatory cytokines 
and tumor necrosis factor-alpha that promote leukocyte infiltration in various inflammatory states of the oral 
cavity. These cells play a key role in the inflammatory process and, as a consequence, their number changes 
in different pathologic conditions of the oral cavity, such as gingivitis and periodontitis. By understanding 
the role of MCs in the pathogenesis of different inflammatory diseases of the oral cavity, these cells may 
become therapeutic targets that could possibly improve the prognosis. Therefore, this review summarizes 
the current understanding of the role of MCs in various inflammatory pulpal, periapical and periodontal 
pathophysiological conditions.
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debatable. Hence, the present review article aims to 
explore the role of  MCs in the initiation and progression 
of  inflammatory pulpal, periapical and periodontal 
conditions.

MAST CELL MEDIATORS

Each MC typically contains between 80 and 300 granules. 
When activated (induced by a range of  stimuli [Table 1]), 
they may either undergo explosive degranulation and then 
re-synthesize their granules or they may release solitary 
granules into their environment on an ongoing basis, a 
process termed “piecemeal degranulation” that has been 
observed in both the oral mucosa and skin.[6]

Following degranulation, MC mediators [Table 2] 
are deposited in large quantities in the extracellular 
environment, where they exert effects on endothelial cells 
and other cell types.

MC may subsequently synthesize and secrete additional 
mediators that are not preformed in their granules. Key 
mediators that are preformed in MCs are the serine 
proteases like tryptase, chymase, and cathepsin G.  
Histamine, histamine, heparin, serotonin, acid hydrolases 
the cytokines: tumor necrosis factor‑alpha (TNF‑α) and 
interleukin‑16 (IL‑16) are also preformed. Following 
activation, MCs can synthesize a range of  mediators, like 
IL‑1, IL‑3, IL‑4, IL‑5, IL‑6, IL‑8, IL‑10, IL‑13 and IL‑16, 
together with granulocyte-macrophage-colony-stimulating 
factor, platelet‑activating factor, RANTES(regulated 
on activation, normal T cell expressed and secreted), 
macrophage inflammatory protein (MIP 1a) and the 
arachidonic acid metabolites like prostaglandin (PG) 2 and 
leukotriene C4.[7]

PULP INFLAMMATION AND MAST CELLS

The inflammatory process in human dental pulp consists 
in vascular changes and migration of  inflammatory cells 
to the site of  inflammation. No MCs are normally present 
in human dental pulp, but they are known as active cells 
in the inflammatory response.[10] According to the studies 
of  Miller et al. in 1978, MCs are occasionally found in 
inflammed pulp.[11]

Some evidence concerning the oral cavity suggested that 
neurogenic inflammation involved the participation of  
MCs.[2] In the human dental pulp tissue that has been 
subject to inflammation, high concentrations of  TNF‑α 
have been detected. The source of  TNF‑α may be oral 
MCs granules, which is released upon degranulation 
process.[12]

Some data suggest that MC histamine, which is a strong 
vessel dilator and mediator of  vascular permeability, may 
play a role in the initiation of  dental pulp inflammation.[13]

Table 1: Known triggers for mast cell activation[8,9]

Triggers Examples

Physical stimuli Heat, cold, friction, pressure, excessive sunlight, 
exercise

IgE and antigen
Anaphylatoxins C3a and C5a
Biologic response 
modifiers

Interferon‑a

Free radicals ROS
Emotional factors Stress, anxiety
Growth factors NGF; SCF
Hormones ACTH; CRH; estradiol; PTH; urocortin
Neuropeptides Bradykinin; CGRP; MBP; NT; SRIF; SP; VIP
Neurotransmitters Acetylcholine
Pharmacological 
agents

Aspirin and other NSAIDs, alcohol, opiates, 
polymixin‑B, amphotericin‑B, quinine, some drugs 
used in general anesthesia (inductors and muscle 
relaxants ‑ succinylcholine, D‑tubocurarine, 
gallamine, decamethonium), radiographic/contrast 
dyes, dextromethorphan, b‑adrenergic blockers, 
a‑adrenergic and cholinergic receptor antagonists, 
thiamine, galiamine, esther‑group local 
anesthetics, dextran, polymyxin B, scopolamine

Chemicals Detergents; food additives; xenoestrogens
Toxins Bacterial (clostridium difficile); insects (e.g., 

Solenopsis, Hymenoptera); jelly fish (Physalia); 
plants (e.g., Toxicodendron)

Viruses Measles; parainfluenza
Bacteria Adherent Escherichia coli
ROS: Reactive oxygen species, SCF: Stem cell factor, NGF: Nerve growth 
factor, ACTH: Adrenocorticotropic hormone, CRH: Corticotropin‑releasing 
hormone, PTH: Parathyroid hormone, CGRP: Calcitonin gene‑related 
peptide, MBP: Myelin basic protein, NT: Neurotensin, SRIF: Somatostatin, 
SP: Substance P, VIP: Vasoactive intestinal peptide, NSAIDs: Nonsteroidal 
anti‑inflammatory drugs

Table 2: Mast cell mediators[9]

Preformed mediators
Biogenic amines, histamine, serotonin, proteases, tryptase, chymase, 
carboxypeptidase‑A
Chemokines: CCL1, CCL2 (MCP‑1), CCL3 (MIP‑1), CCL4, CCL5 
(RANTES) CCL7 (MCP‑3), CCL8 (MCP‑2), CCL11 (eotaxin), CCL13 
(MCP‑4), CCL15 (MIP‑1c), CXCL1, CXCL2 (MIP‑2a), CXCL3, CXCL5 
(ENA‑78), CXCL‑8 (IL‑8)
Growth factors: TGF‑b, b‑FGF, G‑GSF, M‑GSF, GM‑CSF, GnRH‑1, 
VPF/VEGF
Proteoglycans, heparin, chondroitin sulfate, polypeptides, VEGF, 
bradykinin, VIP

De novo synthesized mediators
Membrane‑derived lipid mediators
PGD2, LTB4, LTC4, LTD4, LTE4, PAF, NO
Cytokines
TNF‑α
ILs: 1, 3, 4, 5, 6, 10, 12, 13, 16, 18, 22
INF‑c, MIF

MIP: Macrophage inflammatory protein, RANTES: Regulated, on activation, 
normal T‑cell expressed and secreted, ILs: Interleukins, TGF: Transforming 
growth factor, GM‑CSF: Granulocyte‑macrophage‑colony‑stimulating 
factor, VPF: Vascular permeability factor, VEGF: Vascular endothelial 
growth factor, GnRH: Gonadotropin‑releasing hormone, VIP: Vasoactive 
intestinal peptide, PGD: Prostaglandin D, PAF: Platelet‑activating factor, 
TNF: Tumor necrosis factor‑alpha



Kn, et al.: Role of mast cells in inflammatory and reactive pathologies

94  Journal of Oral and Maxillofacial Pathology | Volume 22 | Issue 1 | January - April 2018

Substance P may mediate MC degranulation following MC 
activation at the level of  the dental pulp.[14]

Bacterial invasion of  the pulp during caries formation may 
also provoke MC activation. In 2009, Karapanou et al. came 
up with a hypothesis that MC activation may take place 
through the neuropeptides that are locally released in the 
pulp, and, afterward, pro‑inflammatory mediators that 
are liberated from the MC granules may participate in the 
inflammatory process of  the dental pulp and may serve 
as diagnostic markers for inflammatory pulpal diseases.[15]

INFLAMMATORY PERIAPICAL LESIONS

Cyst and granulomas are chronic periapical lesions 
mediated by a set of  inflammatory mediators that develop 
to contain a periapical infection.[16]

Inflammatory infiltrate of  periapical lesions is composed 
mostly of  plasmacytes, lymphocytes, macrophages and 
MCs.[17]

In a study by de Oliveira Rodini et al., MCs were present 
in greater number in periapical cysts than in granulomas. 
In cysts MCs were more numerous in the region of  active 
inflammation. Furthermore, MCs tended to be more 
common in peripheral regions of  both the periapical lesions 
and were often found in close proximity to lymphocytes.[18]

Role of mast cells in lymphocyte recruitment
Following activation, MCs induce T‑cell migration either 
directly by release of  exosomes and chemokines such as 
lympholactin, IL‑16 and MIP‑1 or indirectly by induction 
of  adhesion molecule expression on endothelial cells.[18]

Histamine increases vascular permeability through 
structural changes which include endothelial contraction 
and intercellular gap formation. In addition, histamine 
promotes leukocyte adhesion to endothelium through 
transient mobilization of  adhesion molecule P selectin to 
the endothelial surface.[19]

This functional relationship between MC and T‑lymphocytes 
has been shown to be bidirectional, fulfilling mutually 
regulatory and/or modulatory roles, including influences on 
cellular processes such as growth, proliferation, activation 
and antigen presentation. In addition, T‑cell‑derived 
mediators, such as β‑chemokines, directly induce MC 
degranulation. These findings led to propose a functional 
relationship between these two cell population that may 
facilitate elicitation of  an immune response contributory 
to the initiation of  pathogenesis of  periapical lesions.[18]

CYST INITIATION

Gao et al. stated that the presence of  immune cells in 
periapical granuloma and cysts initiates cell-mediated and 
humoral immunoreactions in these lesions which may be 
associated with epithelial proliferation within periapical 
lesions.[20]

Role of mast cells in epithelial proliferation
The stimulated MCs may release IL‑1, which causes 
increased epithelial proliferation. This property of  
MC‑derived IL‑1 may act as one of  the factors in the 
proliferation of  epithelium (cell rests of  Malassez) in 
periapical granuloma leading to cyst formation.[21]

CYST ENLARGEMENT/EXPANSION

The hydrostatic pressure of  the luminal fluid is important 
in cyst enlargement, and MC activity might contribute to 
this by increasing the osmotic pressure.[22]

Teronen et al. stated that MCs were found to be located 
in inflammatory cell‑rich tissue areas and just beneath 
the cyst epithelium. MCs located at the border of  bone 
were observed to be degranulated and release tryptase at 
the regions of  early bone destruction, suggesting that the 
MC tryptase may contribute significantly to jaw cyst tissue 
remodeling during growth of  cyst and to the destruction 
of  surrounding bone, resulting in jaw cyst expansion.[23]

Smith et al. observed high staining activity of  heparin in 
connective tissue just beneath the epithelium of  cysts and 
suggested that local tissue metabolism and inflammation 
will contribute to the release of  glycosaminoglycans from 
connective tissue into the luminal fluid and are thought to 
be important in the expansile growth of  cysts.[24]

Role of mast cells in increasing the hydrostatic pressure 
of cystic luminal fluid
The increase in osmotic pressure could be in three ways 
as follows:
1. By direct release of  heparin into luminal fluid
2. By release of  hydrolytic enzymes which could degrade 

capsular extracellular matrix (ECM) components, 
thereby facilitating their passage into the fluid

3. By the action of  histamine on smooth muscle 
contraction and vascular permeability, encouraging 
transudation of  serum proteins.[22]

Role of mast cells in degradation of extracellular matrix 
and bone resorption
MCs contain tryptase and chymases (proteolytic enzymes) 
that take part in the degradation of  ECM.[25] Thus, they 



Kn, et al.: Role of mast cells in inflammatory and reactive pathologies

Journal of Oral and Maxillofacial Pathology | Volume 22 | Issue 1 | January - April 2018 95

help in the breakdown of  proteoglycans of  connective 
tissue capsule of  periapical lesions leading to expansion.

The MC‑derived mediators such as histamine, heparin, 
tryptaes, TNF, IL‑1, IL‑6, PGs and other arachidonic 
acid metabolites are known to cause bone resorption.[24] 
TNF‑α and IL‑1 and IL‑6 increase the bone resorption by 
intensifying the osteoclastic activity.[25] Heparin is involved 
in bone resorption and also has been associated with the 
inhibition of  collagen synthesis.[26] MC‑derived tryptase 
can activate matrix metalloproteinase (MMP) which help in 
ECM degradation and bone resorption for the enlargement 
of  the lesions.[25]

GINGIVA AND MAST CELLS

Gingival inflammation
It has been reported that MCs were constantly present in 
healthy gingival tissue and located between epithelial cells 
and connective tissues.[27] In gingival lesions, the products 
from the bacterial plaque at the gingival margin may directly 
or indirectly induce proliferation of  MCs. The proposed 
source of  allergens includes not only bacteria and their 
products but also denatured host tissue.[28]

Pro‑inflammatory cytokines that are released during the 
initial stage of  the inflammation infuence the migration of  
MCs. Following degranulation, MC mediators are deposited 
in large quantities in the extracellular environment, where 
they exert effects on endothelial cells and other cell types.

Early events in this process include key growth factors, 
transforming growth factor-ββ and fibroblast growth 
factor as well as inflammatory cytokines and chemokines, 
facilitating MC recruitment and activation.

The release of  proteolytic enzymes such as MMPs mediates 
fibrogenic injury, and the overall balance of  activators 
and inhibitors is altered in a manner favoring net matrix 
deposition. MC effectively supports this process by 
elaborating the cytokines and chemokines.

MC produces mediators such as histamine, heparin and 
TNF‑α which can influence fibroblast proliferation, ECM 
synthesis and degradation. TNF‑α also upregulates C‑C 
chemokine receptor Type 1 and RANTES expression 
which in turn triggers further MC degranulation.

MC chymase is also known to stimulate MMP‑9 which 
mediates basement membrane disruption. On the whole, 
the cyclic activity of  inflammatory mediator secretion and 
MC degranulation may result in the chronicity of  gingival 
inflammation and fibrosis.[27]

Role of mast cells in collagen synthesis and fibrosis
MC‑derived IL‑1 causes increased fibroblastic response and 
tryptase causes increased production of  Type 1 collagen 
and fibronectin, thereby leading to increased fibrosis.[21,29] 
Histamine may also interact with and promote increased 
fibroblastic proliferation. This could suggest a possible 
role of  MC in enhanced synthesis and fibrosis seen in 
later stages of  inflammatory periapical and gingival lesions 
[Figure 1].[30‑32]

PYOGENIC GRANULOMA

Pyogenic granuloma represents a reactive lesion resulting 
from local etiological factors such as gingival inflammation, 
calculus or trauma, which activates MC resulting in the 
release of  mediators, which leads to subsequent changes 
in tissue leading to the formation of  pyogenic granuloma.

MC on stimulation undergoes degranulation and causes 
inflammatory and vascular changes leading to the 
formation of  pyogenic granuloma [Figure 2].[33]

Haritanont et al. stated that the number of  MCs and blood 
vessel counts in oral pyogenic granuloma was significantly 
higher than those in normal oral tissues. This suggests that 
MCs may function as one of  the factors for angiogenesis 
in oral pyogenic granulomas.[34]

Role of mast cells in angiogenesis
MCs play a significant role in angiogenesis, probably 
by secreting several potent angiogenic factors including 
heparin, histamine, vascular endothelial growth factor 
and tryptase. Tryptase, in particular, could directly induce 
proliferation of  human dermal microvascular endothelial 
cells.[35] Heparin increases the half‑life of  basic fibroblastic 

Stimulus

Mast cell degranulation alteration in production of inflammatory
Cytokines (IL-6, TGF-_, FGF-2, PGE2)

Prostaglandin, sunstance P
RANTES, MIF,
Somatostatin gingival fibroblasts

Collagen and extracellular
matrix deposition

Gingival fibroblast proloferation

Gingival inflammation Fibrosis

Figure 1: Schematic representation showing mechanisms of mast cells 
in collagen synthesis and fibrosis
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growth factor, which is a potent angiogenic substance. 
These findings indicate that the MC may function as one 
of  the factors for angiogenesis in pyogenic granuloma, 
chronic inflammatory gingival hyperplasia and also in 
periapical lesions.[21,36]

INFLAMMATORY PERIODONTAL DISEASES

Bacterial plaque has been implicated as the primary 
etiological factor in inflammatory periodontal disease, 
but recently, several studies have focused on the role of  
the immune system in the development of  periodontal 
disease, indicating that bacterial antigens trigger an 
immunopathological reaction.[37]

Among the cells found in the periodontal tissues, MCs 
have been detected in both healthy and inflamed gingiva.[38]

When triggered by locally produced cytokines or bacterial 
products, for example, lipopolysaccharides, the cells can 
release a large number of  prestored mediators.

One of  the biological and biochemical factors is histamine, 
which breaks down the tissue barrier, causes edema and 
helps cellular infiltration.[39]

Another reason is that the expression of  MMPs 1, 2 and 8 
is strongest in MCs. MMPs are crucial in the degradation 
of  the main components in ECMs.

Furthermore, tryptase can cleave the third component of  
collagen and activate latent collagenase that can participate 
in tissue destruction in periodontitis.

A change from gingivitis to periodontitis involves a shift 
from predominantly T-cell lesion to a B-cell/plasma cell 

lesion. MCs seem to be able to present antigens to T‑cells. 
The resultant T‑cell activation would activate MCs, leading 
to both degranulation and cytokine release.

In summary, periodontitis is not unidirectional, but rather 
it is interactive; the same cells that produce the destructive 
pro‑inflammatory cytokines can also produce mediators 
that activate the healing process.[40]

CONCLUSION

MCs play a critical role in the development of  inflammation 
at the levels of  the dental pulp and periodontium, both 
during the early stages and during the transition from 
acute to chronic inflammation. MCs in these inflammatory 
lesions are associated with increased vascular permeability, 
angiogenic response, collagen synthesis, regulation of  
inflammation, bone resorption and ECM destruction. 
Based on the concept that MCs play an important role in 
the chronicity of  inflammation, it may be possible to use 
drugs therapeutically in order to influence MC secretion 
and thereby thwart inflammation. In the future, it may be 
possible to develop novel approaches that influence the 
release of  pro‑inflammatory molecules or neuropeptides 
to ameliorate MC‑driven inflammation.
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