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ABSTRACT

Mast cells (MC) are tissue duelling
cells playing an active role in both
innate and adaptive immune system.
They act as first players in different
microbial infections and exert a cru-
cial role in allergy, chronic inflamma-
tion, fibrosis, and rheumatic diseases
(RD), including rheumatoid arthritis
(RA). MC are normally present in hu-
man synovia and they increase in the
Jjoints of RA patients, contributing to in-
flammatory and remodelling processes.
Due to their great plasticity and multi-
functionality, MC exert a wide range of
roles in different stages of the disease.
To date, the results obtained by in-vitro
and in-vivo studies have contributed to
better clarify the dynamic role of MC in
local arthritis of RA and have improved
our knowledge on different aspect of
the disease. Although different mice
models have been extensively used to
investigate the contribution of MC in
different stages of RA, those models of-
ten fail to reproduce the complexity and
the heterogeneity of the human disease.
Here, we provide an overview on differ-
ent roles of MC in RA pathogenesis and
how these cells might influence some
clinical features of the disease.

Role of MC in innate

and adaptive immune responses
Mast cells (MC) are innate immune
cells derived from CD34* haematopoi-
etic stem cells in the bone marrow (1),
circulating as immature form in the
blood stream and in the lymphatic sys-
tem, before completing their differen-
tiation and maturation in tissues. Most
of MC progenitors already express in
their membrane c-Kit and FceRI, cru-
cial receptors for cell survival and ac-
tivities. Although different cytokines,
chemokines and adhesion molecules
(e.g. IL-4, IL-5, IL-6, IL-15, TNF-a,

CCL-2 and VCAM-1) derived from
the tissue microenvironment regulate
the expansion, homing and maturation
of MC precursors, the binding of stem-
cell factor (SCF) to the c-Kit receptor
remains the strongest signal for their
differentiation, proliferation and sur-
vival (2, 3).

Due to their strategic localisation at
the host-environment interface, mature
MC represent a first line of defense
against harmful pathogens (4), produc-
ing antimicrobial peptides and releas-
ing an array of pre-formed and newly
synthesised mediators (5). By binding
to pathogen-derived peptides, MC ex-
ert their anti-bacterial activities via
Toll-like receptors (TLRs): peptidogly-
cans from Gram-positive bacteria trig-
ger MC degranulation through TLR2,
while lipopolysaccharide (LPS) from
Gram-negative bacteria promotes re-
lease of TNF-a, IL-1f3, IL-6 and 1L-13
via TLR4.

Although MC are historically recog-
nised to play a crucial role as effector
cells in innate immune system, their
role in autoimmune diseases is gaining
more interest. In particular, these cells
have a great ability to interact with
dendritic cells, T and B cells, by physi-
cal contact and/or by releasing of solu-
ble mediators (i.e. TNF-a, IL-4, IL-6
and metalloproteinases) (2, 4, 6-8).
Furthermore, CD4+ T cells induce MC
degranulation through OX40-OX40L
binding, and vice-versa MC contribute
to CD4+ T cells proliferation and cy-
tokines production by releasing solu-
ble TNF-a. Although these cells play
a pivotal role in the maintenance of
homeostasis in different tissues, MC
might contribute to the development of
autoimmunity by breaking peripheral
immune tolerance. In fact, following
MC-T cells contact via OX40-OX40L
binding, T regulatory cells (Treg) lose
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their Foxp3 expression as well as their
capacity to suppress T cell activities,
promoting autoimmunity (9, 10).
Moreover, MC actively regulate the
adaptive immune response by support-
ing the development, survival and ac-
tivities of B cells through the release of
IL-4, IL-5, IL-6, and IL-13 cytokines
as well as activation of CD40-CD40L
axis (9). Furthermore, MC are able to
influence T and B cells activities by
releasing exosomes that might modu-
late dendritic cells phenotype and their
functional maturation (11). MC-derived
exosomes are also able to promote in-
vitro differentiation of T naive cells
into Th2 phenotype and to induce IgE
and IgA production by activated B cells
(12).

The role of MC in the

pathogenesis of rheumatic diseases
Due to their modulatory roles in the in-
nate and adaptive immune systems, MC
are actively involved in the pathogene-
sis of rheumatic diseases (RD) in which
autoimmunity and/or inflammation are
implicated. In the synovial tissue of pa-
tients with spondylarthritis (SpA), in
which inflammation is the main patho-
genic feature, MC are dramatically in-
creased and are one of the main cellular
sources of IL-17, crucial pro-inflamma-
tory cytokine in RD (13). MC can con-
tribute to the pathogenesis of these dis-
eases also through their pro-fibrogenic
activities as demonstrated in primary
Sjogren’s syndrome (pSS). In the sali-
vary glands of these patients, MC are
highly present in the tissue and actively
contribute to the development of fibrotic
processes by stimulating the production
of extracellular matrix (ECM) compo-
nents via TGF[3, release (14). Moreover,
in minor salivary glands, MC promote
fibroblast chemotaxis in CCR7-positive
cells through the release of CCL19 and
CCL21 chemokines, supporting the di-
rect role of MC in the development of
tissue fibrosis, one of the main histo-
pathological hallmark of pSS (15).

In parallel, the pro-fibrogenic activity
of these cells has been also demonstrat-
ed in IgG4-related disease (IgG4-RD),
an immune-mediated disorder in which
salivary and lachrymal glands might be
involved. Even if the mechanisms un-
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derlying their pathogenesis are differ-
ent, in the gland tissue of both pSS and
IgG4-RD MC are increased, and they
actively contribute to promote fibrotic
processes (16). However, besides their
role in fibrosis, MC contribute to IgG4-
RD pathogenesis by modulating type 2
inflammation (17, 18). In fact, a large
number of MC expressing Th2 and
Treg cytokines have been detected in
submandibular gland of IgG4-RD pa-
tients where they locally can be activat-
ed by non-specific IgE binding, leading
to lymphoplasmacytic infiltration and
IgG4 production (19). Furthermore,
by investigating the crosstalk between
cells from the innate and adaptive im-
mune systems in [gG4-RD pathogen-
esis it has been proved that CD4+ T
and B cells, particularly plasmablasts,
might contribute to tissue fibrosis by
releasing pro-fibrotic mediators (20,
21). Due to the tight interaction be-
tween MC and B or T cells in different
tissues (2, 4, 6-10), we can suggest an
indirect effect of MC in IgG4-RD, by
promoting the pro-fibrogenic activity
of B and/or T CD4+ cells. The key role
of MC in this context is also supported
by recent reports, suggesting potential
roles of anti-IgE therapy in subtypes
of IgG4-RD. In this context the disso-
ciation of pre-bound IgE from FceRI
with omalizumab, an anti-IgE mAb
nowadays approved for severe asthma,
chronic spontaneous urticaria and na-
sal polyps, might reduce activation of
MC and consequent decrease in the re-
lease pro-fibrotic cytokines, including
TGFp,. Therefore, the pharmacological
activity of omalizumab might suggest a
potential usefulness of this biological
drug in IgG4-RD treatment, particular-
ly in those patients with high levels of
IgE in a context of Type 2 inflammatory
phenotype (22).

Due to their widespread tissue localisa-
tion, MC are easily involved in differ-
ent pathogenetic mechanisms of other
RD. For example, in systemic sclerosis
(SSc), these cells are increased in the
skin even in the very early stage of the
disease, when the fibrosis is not yet es-
tablished (23). As proven in biopsies of
esophagus from SSc patients, MC are
one of the main cells expressing an in-
flammatory gene signature, supporting

their pro-inflammatory activities be-
yond their pro-fibrogenic ones (24).
Even if several reports suggest the ac-
tive role of MC in different RD, rheu-
matoid arthritis (RA) remains the au-
toimmune disease in which MC are
widely investigated. This is partially
due to the availability of different ani-
mal model useful to reproduce the dis-
ease in animal strains.

The role of MC in rheumatoid
arthritis: from inflammation to
tissue remodelling

Several evidences support an active
role of MC in the pathogenesis of RA,
where chronic inflammation and tissue
remodelling are the main features (25)
(Fig. 1). MC are normally present in
human synovia, but they are increased
since the early stage of RA. Different
mechanisms of MC hyperplasia were
proposed, including recruitment of MC
progenitors into the inflammatory tis-
sue (26), and prolonged MC survival
once these cells infiltrate the joints (27,
28). Due to their heterogeneity, MC
may display different phenotypes, and
several signals derived from the tissue
environment might modulate their ac-
tivities. If MC tryptase (MC,) are main-
ly present in the early stage of RA (29,
30), where they correlate with synovial
hyperplasia and T-cells infiltration, MC
tryptase/chymase (MC;.) are detected
in fibrotic areas of synovial tissue, par-
ticularly in those patients with a severe
or rapidly progressive disease (31, 32).
Different triggers can be responsible for
MC activation, including cellular and
humoral components. For instance, hu-
man MC co-cultured in-vitro with naive
B cells promote B cell activation and
their differentiation with consequent
production of anti-citrullinated protein
antibodies (ACPA), mainly via cell-cell
contact (33). In turn, ACPA may induce
MC activation by binding Fcy recep-
tors (5), process that might be ampli-
fied by TLR4 and HSP70 binding (34).
In this complex scenario, complement
components might contribute to the ac-
tivation of MC. This is the case of ana-
phylatoxin C5a which induces MC to
release pro-inflammatory mediators by
acting on C5a receptor in synergy with
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Fig. 1. Cross-talk between MC and other immune cells in RA.

Table I. MC and animal models of arthritis.

Role of MC  Arthritis model Susceptible strain References

Required K/BxN arthritis W/Wv and SI/S1d (56)
CIA Red MC basophil mouse 59)
CIA mMCP4-deficient mice (60)
mBSA/IL-1f-induced arthritis mMCP-6-/mMCP-7- C57BL/6 mice 61)

Not required K/BxN arthritis KitW-Sh/KitW-Sh (57)
K/BxN arthritis Cre-Master mice (58)

CIA: collagen-induced arthritis; mBSA: methylated bovine serum albumin; IL-1f: interleukin-1beta;

MC: mast cells; mMCP4: mouse MC protease 4;

mMCP-6: mouse MC protease 6; mMCP-7: mouse

MC protease 7; Cre-Master: Cre-mediated MC eradication.

the activation of the Fcy receptor (35).
In parallel, IL-33, an alarmin involved
in RA pathogenesis and produced in the
inflammatory tissue, induces MC to re-
lease an array of pro-inflammatory cy-
tokines, including TNF-a, IL-1f3, IL-6,
and IL-17 (36-40).

Besides the various evidences of the
role of MC in the inflammatory pro-
cesses, some other studies suggest oth-
er anti-inflammatory activities of these
cells in RA. For example, following IL-
33 stimulus, MC gain the ability to sup-
press monocyte activation by releasing
both the anti-inflammatory cytokine
IL-10 and histamine. There are also evi-
dences showing an inverse correlation
in RA joints between MC genes expres-
sion and disease activity (41), as well as
a negative correlation between levels of
tryptase and C-reactive protein (CRP)
in patients with early RA not yet treated
with disease-modifying anti-rheumatic
drugs (DMARDs) (42).
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It is recognised that the direct contribu-
tion of MC in RA pathogenesis is also
due to their pro-fibrogenic effects. For
example, MC-derived tryptase is able to
exert an anti-apoptotic activity on syno-
vial fibroblasts, promoting their survival
and activation in the tissue. In turn, syn-
ovial fibroblasts contribute to the surviv-
al of MC by the production of SCF and
to their tissue recruitment by releasing
chemoattractant mediators (43-47).

If we consider the complex mecha-
nisms involved in tissue remodelling,
including joint cartilage destruction and
bone erosion, we can hypothesise a role
of MC also in advanced stages of RA
when the disease is already established.
In fact, MC are present at the site of
cartilage destruction (48, 49), where
they seem to actively contribute to the
degradation of cartilage proteoglycans
(50). Indeed, analysis of cartilage-pan-
nus specimens have revealed areas of
MC aggregates at the sites of erosion

with deposition of extracellular tryptase
(51). This can lead to modulate chon-
drocyte metabolism by releasing vascu-
lar endothelial growth factor (VEGF),
one of the main pro-angiogenic media-
tors involved in RA (52).

To date, it is unclear if MC contribute
to bone erosion via activation of osteo-
clasts, although MC were found to be
possible sources of RANKL, a major
protein implicated in osteoclasts activa-
tion (53). However, the increased bone
loss that characterises patients with sys-
temic mastocytosis suggests a potential
role of MC in accelerating bone turn-
over (54,55), and new achievements de-
rived from this haematological disorder
might help to better understand the role
of MC in the bone erosion in RA.

MC in animal models of arthritis
Different animal models of experimen-
tal arthritis have been developed in or-
der to better clarify the role of MC in
RA. However, the results obtained are
often controversial, due to the different
methodologies used in the experimental
models of arthritis, that only in part re-
produce the complexity of RA (Table I).
In K/BxN mice, in which inflammatory
arthritis is induced by injection of ar-
thritogenic serum from KRN and NOD
mice, the inflammatory process and
clinical manifestations of the disease
were abrogated in MC deficient mice,
and then restored by transferring bone
marrow derived wild-type MC into MC-
deficient mice (56). However, further
studies performed in other animal mod-
els were not able to confirm these obser-
vations. In fact, in a MC-deficient mice
due to defect in kit signalling (KitW/
KitW-v mice), the lack of the develop-
ment of arthritis was explained by the
reduction in neutrophils recruitment,
and not by the deficiency of MC (57).
In order to overcome the limits of these
experimental models using Kit-mutant
mice, other in-vivo systems, independ-
ent of the c-Kit, have been developed.
By using the Cre-mediated MC eradi-
cation (Cre-Master) mice, an increased
susceptibility to antibody-induced auto-
immune arthritis was observed, despite
the lack of MC and the reduction in the
basophils count (58). To better clarify
the contribution of MC in the different
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stages of the disease, these cells were
depleted in CIA model during different
phases of arthritis. When MC deple-
tion was reached in a preclinical phase,
circulating CD4+ T cells, monocytes,
IL-6 and IL-17 levels were drastically
reduced, with consequent beneficial
effects on arthritis, while these effects
were not observed in the established
arthritis, supporting the contribution of
MC mainly in the early phase of the dis-
ease (59).

By using mice deficient in MC pro-
tease 4 (mMCP4), the homologue of
chymase in humans, it was possible to
demonstrate in-vivo the potential role of
MC-chymase in the development of se-
vere autoimmune arthritis, mainly by its
direct effect on inflammation, cartilage
erosion and bone turn-over (60). In par-
allel, arthritis was markedly reduced in
transgenic mice lacking heparin and
mMCP-6 and mMCP-7, the corre-
sponding human tryptase forms in mice,
suggesting potential therapeutic benefi-
cial effects of inhibiting MC-restricted
tryptase in RA joint inflammation (61).

Conclusion

Several lines of evidence support the
hypothesis of a direct role of MC in
inflammatory and remodelling pro-
cesses of RA. Nonetheless, we have to
take into account that MC are complex
cells and besides their well-known pro-
inflammatory roles, they can exert anti-
inflammatory activities, mainly through
IL-10 production. Up to now, data ob-
tained in-vivo and in-vitro strongly sup-
port different roles of MC in different
stages of the disease. Further insight into
the role of MC in RA can be obtained in
genetically manipulated animal models
of RA. However, these models, besides
their limits in reproducing the human
disease, are highly heterogeneous both
in the mechanisms of RA induction and
in modulation of MC number/activities.
For example, the Kir mutants strains
display abnormalities of several c-kit
expressing cells, while the Cre-Master
mice have a selective deficiency of MC.
Thus, the conflicting results we report-
ed are expected, and further studies, us-
ing more selective gene targeting, may
be required to gain a full picture of the
involvement of MC in RA.
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