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Beyond allergy: the role of mast cells in fibrosis
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Summary

Mast cells are tissue-bound cells of the innate immune sys-
tem which are well known for immunoglobuline (Ig)E-
triggered degranulation in allergic reactions. More recently,
an important role of mast cells has been described in chron-
ic inflammatory and autoimmune disorders which are often
associated with fibrosis or sclerosis. Innate immune recept-
ors such as Fc-, toll-like- or NOD-like receptors stimuli
can trigger mast cell degranulation and enhance immun-
ological danger signals. Whereas fulminant degranulation
of mast cell vesicles is observed in anaphylaxis, piecemeal
degranulation or transgranulation are mechanisms for a
slower release of their granula. A cocktail of cytokines,
growth factors and proteoglycans is produced and stored
in granula of mast cells. Mast cells are a substantial reser-
voir of both preformed inflammatory factors (i.e., TNF-al-
pha and IL-17) and factors that can trigger a profibrotic,
Th-2–polarised inflammation (i.e., IL-4 and IL-10). In sys-
temic sclerosis, mast cell vesicles are the main source of
transforming growth factor (TGF)-beta. Cell-to-cell con-
tact between mast cells and fibroblasts occurs in the affec-
ted tissue, supporting the hypothesis that transgranulation
might be an important mechanism in fibrosis. The direct
release of proteoglycans such as hyaluronic acid into the
interstitial space is a further stimulus for matrix remodel-
ling. Mast cell hyperactivity has also been demonstrated
in primary fibrotic disorders such as lung, cardiac or ren-
al fibrosis. The exact trigger for mast cell degranulation
however is not known. Notwithstanding, at a very early
time point of fibrosis, mast cell inhibition by stabilisers or
blockage of the tyrosine kinase receptor c-kit by masitinib
could be a therapeutic option.
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Introduction

By serendipity, the medical student Paul Ehrlich discovered
mast cells in 1877 during his dissertation in Freiburg im
Breisgau, Germany [1]. He performed histological studies
using newly available synthetic stainings based on Anilin,
which was produced in large quantities by the chemical in-
dustry, e.g., nearby in Basel. Ehrlich described a new cell
type in the interstitial tissue, characterised by a high con-

tent of cytosolic vesicles. He postulated that those cells
are fed by the surrounding fibroblasts. Therefore he named
them mast cells from ‚mästen‘, (German: to feed). That
the close interaction of mast cells and fibroblasts would
be a putative mechanism of fibrosis, only became apparent
much later.
Mast cells are derived from haematopoietic progenitor cells
in the bone marrow and mature in the interstitial tissue of
most organs [2]. The maturation of mast cells is notably
regulated by the soluble stem cell factor (SCF) and its
receptor c-kit [3]. Despite originating from different cell
lines, mast cells resemble basophils in form and function.
Degranulation is regarded as the main function of mast
cells with immunoglobuline (Ig)E as the main trigger [4].
Mast cells express large quantities of FcεRI receptor on
their surface. As the binding of IgE to FcεRI essentially is
irreversible, mast cells are largely covered with IgE. Once
an IgE molecule encounters a specific antigen or allergen,
IgERI-crosslinking and calcium influx leads to degranula-
tion of the mast cells. As a result, histamine is released and
causes the well-known symptoms such as bronchoconstric-
tion or pruritus. The natural role of this very susceptible
and efficient mast cell-IgE ‘dual system’ is the immunity
against parasites [5]. In the case of pulmonary or intestin-
al parasites, which of course still occur, mast cell degranu-
lation leads to cough or diarrhoea as an attempt to elimin-
ate the parasites from the body. If a parasite has entered a
“dead end” such as in the liver or skin, a fibrotic immune
reaction (e.g., liver fibrosis in schistosomiasis) or encapsu-

Figure 1

Different forms of degranulation in mast cells.
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lation (Echinococcus) occurs in order to prevent further or-
gan damage.
It is obvious that the dynamic of mast cell degranulation in
fibrogenic reactions differs from anaphylaxis. In IgE-medi-
ated anaphylaxis, literally all vesicles are released from the
mast cells within minutes to a few hours (fig. 1). The clas-
sical clinical picture is anaphylactic shock with hypoten-
sion, bronchoconstriction and exanthema. Non-IgE driven
anaphylactoid reactions that cause rapid mast cell degran-
ulation e.g., by staphylococcal toxins or contrast reagents
also occur [6]. Probably more frequently, and associated
with more subtle symptoms, mast cell vesicles can be re-
leased by a slower process called piecemeal degranulation
[7] where vesicles can traffic through the interstitial space
via lymphatic vessels to distant lymph nodes [8]. Piecemeal
degranulation can therefore be regarded as paracrine and
even endocrine mechanism of mast cells to initiate immune
reactions and possibly also to support fibrosis. A third even
less discussed mechanism is the direct release of vesicles to
another cell by cell-cell contact, called transgranulation.
It is increasingly recognised that besides IgE, mast cells
can also be activated by innate immune receptors such as
Fc-receptors, toll-like-receptors (TLR) [9], tumour necros-
is factor (TNF) receptors, NOD-like receptors and even
physical stimuli [10]. Mast cells contain a variety of cy-
tokines which after activation can be released via degran-
ulation or, similar to other cell types by secretion via the
Golgi apparatus. They are a significant reservoir of pre-
formed TNF-alpha in the human body. IL-17, which is also
stored in mast cell vesicles, has been shown to be the main
source of IL-17 in rheumatoid arthritis [11]. This demon-
strates the role of mast cells as central innate immune cells
and possible sensor danger signals leading to a subsequent
(auto)immune response. Indeed, mast cell numbers often
are increased in chronic rheumatologic diseases such as
rheumatoid arthritis or systemic sclerosis (SSc) in which
chronic inflammation leads to fibrosis [12]. This review
aims to describe the pathophysiological role of mast cells in
primary organ fibrosis and in the setting of chronic rheum-
atic diseases.

Mast cells and fibrosis: general aspects
As described before, mast cells are involved in the parasitic
immune response and intrahepatic schistosomiasis is a
well-known cause of liver fibrosis [13]. Chronic inflam-
mation and excess of extracellular matrix can be observed
in periovular granulomas where an eosinophilic,
Th-2–polarised inflammatory reaction leads to IL-4 and
IL-10 overexpression. In schistosomiasis infected animals,
mast cells are necessary for the development of eosino-
phils, IL-5 expression and finally liver fibrosis [14].
Mast cell vesicles not only support a profibrotic
Th-2–response, they also contain directly profibrotic stim-
uli such as transforming growth factor (TGF)-beta, platelet
derived growth factor (PDGF) or granulocyte macrophage
colony-stimulating factor (GM-CSF). Chymase as a main
enzymatic component of mast cells can cleave the latent
form of TGF-beta from cell membranes [15]. TGF-beta is a
main driver for collagen production of fibroblasts and their
differentiation into myofibroblasts, respectively. Further-
more, mast cells produce and store negatively charged pro-

teoglycans such as hyaluronic acid or chondroitin sulphate
[16]. This release of matrix components in the interstitial
space causes extracellular matrix remodelling either direc-
tly or by their mitogenic effect on fibroblasts. The negative
charge of proteoglycans likely impairs the water content
and thus the turgor and elasticity of the tissue. Mast cells
also play an active role in wound healing, where they accu-
mulate [17] and secrete histamine, VEGF and lipid medi-
ators which attract different other inflammatory cell types
[18, 19]. Typically, mast cells are present in hypertroph-
ic scars, where they are considered as a key stimulus for
fibroblasts [20]. It is postulated that in fibrosis, the forma-
tion of gap junctions between mast cell and fibroblast leads
to reciprocal cell activation [21]. To date, however, it has
not been shown that the blockage of gap junctions reduces
fibrosis in vivo.

Mast cells in organ fibrosis
Mast cells have been implicated in the pathogenesis of
fibrosis in various organs: mast cells drive cardiac fibrosis
after ischaemic cardiopathy or pressure overloaded heart
model [22]. Conversely, mast cell deficient mice are pro-
tected from cardiac fibrosis during heart failure [23]. In a
rat model of hypertensive cardiomyopathy, mast cell sta-
bilisation with neocromil led to normalisation of IL-6 and
IL-10 levels [24]. In the kidney, mast cells are not present
under normal circumstances. However in renal fibrosis,
e.g., due to IgA nephropathy, the number of mast cells is
increased and correlates with fibrosis [25]. Similarly, ren-
al fibrosis in kidney rejection after transplant is associated
with mast cell infiltration [26]. In patients with idiopath-
ic pulmonary fibrosis (IPF), mast cells are increased in the

Figure 2

Transmission electron microscopy of the dermis in a patient with
systemic sclerosis. The image shows cell-to-cell contact between a
mast cell and a fibroblast with transgranulation (arrow).
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lung tissue [27] and mast cell products in the bronchoal-
veolar lavage are higher than in healthy individuals [28].
There are several factors which are released by mast cells
and considered to play a pivotal role in lung fibrosis. Ex-
pression of mast cell chymase in human IPF is increased
[29] and the secretion of histamine or the activation of the
renin-angiotensin system stimulates the production of col-
lagen by fibroblasts [30]. Mast cells are often encountered
in proximity to IL-4 positive cells, indicating that mast cell
infiltration is associated with a Th-2 weighted inflamma-
tion. SCF as a survival factor for mast cells is increased
in fibrotic lung tissue and mainly produced by fibroblasts
[31]. This reciprocal stimulation of mast cells and fibro-
blasts seems to require direct cell-cell contact. For this
interaction, activation of the PAR-2/PKC-α/Raf-1/p44/42
signalling pathway and the presence of SCF are believed to
play an important role [32]. Interestingly, mast cells are in-
creased both in non-specific interstitial pneumonia (NSIP),
which is considered as a more inflammatory subtype of
IPF, and in usual interstitial pneumonia (UIP), the clas-
sical form of lung fibrosis with honeycombing and fibro-
blast foci [33]. This could indicate that mast cell prolifer-
ation in fibrosis might occur primarily as a disorder of the
innate immune system, without activation of professional
immune cells such as lymphocytes. In fact, previous stud-
ies have shown that T-regulatory lymphocytes can stabil-
ise mast cells in chronic inflammation, which could explain
the more destructive course of UIP compared to NSIP [34].
Whether mast cells present (auto)antigens to lymphocytes
in lung fibrosis, or if there is an impaired cross talk between
those cells, has not yet been clarified. In autoimmune dis-
orders such as rheumatoid arthritis, it is postulated that ac-
tivating IgG-receptors on mast cells are engaged by IgG
autoantibodies [35] which might explain mast cell activa-
tion in secondary lung fibrosis. In any case, besides histam-
ine, tryptase or chymase, mast cells are a large reservoir of
preformed TNF-alpha and IL-17, both of which can be as-

Figure 3

Schematic illustration of mast cells as key players in fibrosis. After
stimulation by a trigger, e.g., IgG molecules, mast cells induce
profibrotic cytokines or growth factors. Fibroblasts are stimulated
and monocytes differentiate into myofibroblasts. Proteoglycans can
be directly released by the mast cell in the surrounding matrix.
Antigen-presentation to lymphocytes might induce autoimmunity.
The suppression of mast cell degranulation by T-regulatory cells
under physiological conditions can be impaired in chronic
inflammation.

sociated with fibrosis and definitely play a crucial role in
rheumatoid arthritis [11].

Mast cells in systemic sclerosis
Due to its systemic nature, SSc can be considered as the
prototype of all fibrotic diseases. It has been shown that the
number of mast cells in the skin of SSc patients increased
[36] and that mast cells in SSc are activated, as seen by
their heterochrome vesicle colour. The fact that SSc pa-
tients often suffer from pruritus, notably in the early phase
of the disease, suggests mast cell activation and the release
of histamine, at least in an early stage. However, biomark-
ers for mast cell degranulation such as serum tryptase usu-
ally are not elevated in patients with SSc or other forms of
fibrosis. Possible reasons for this can be the slow dynam-
ic of mast cell degranulation or different expression pat-
terns compared to allergic reaction. In the skin (and like-
wise in other tissues) of SSc patients, mast cells are the
main source of TGF-beta. In immuno-gold labelled elec-
tron microscopy experiments, we have shown that mast cell
vesicles contain a substantial part of all TGF-beta molec-
ules [37] and that TGF-beta in the vesicles is being trans-
ferred from the mast cell to the fibroblasts (fig. 2). The
likely underestimated phenomenon of transgranulation via
cell-cell contacts as mechanism of fibrosis has previously
been demonstrated in vitro,by the transfer of dye from mast
cells to fibroblasts [38] and by our group in the dermis of
SSc patients [39] (fig. 3). In SSc, IL-4 and GM-CSF, both
which are stored in mast cells, participate in the differenti-
ation of peripheral blood-derived monocytes into function-
ally active and contractile myofibroblasts [40].

Treatment
Unlike allergic disorders, mast cell activation in fibrosis
does not seem to be IgE-driven and histamine only plays
a minor role. To this end, antihistamines or IgE-targeting
monoclonal antibodies are unlikely to succeed as a treat-
ment for fibrosis. Mast cell stabilisers such as ketotifen ap-
pear more attractive. Ketotifen has reduced capsule fibrosis
in post-traumatic joint contraction in animal models [41]
and in the tight skin mouse model, both ketotifen and cro-
moglycate prevented skin fibrosis [42, 43]. However, un-
like positive results previously obtained in case series,
ketotifen was not superior to a placebo in a double-blind
controlled trial in patients with early SSc [44]. Possibly,
the number of 24 patients in this study was too low and
6–months follow-up too short for this highly heterogeneic
disease. In early SSc or other fibrotic disorders with con-
comitant autoimmune inflammation, a combination
between a mast cell stabiliser and a compound acting on
(autoimmune) lymphoproliferation such as methotrexate or
steroids might be more promising. Another promising ap-
proach might be tyrosine blockage by masitinib which spe-
cifically inhibits the receptor tyrosine kinase c-kit and is
used for mast cell tumours. Masitinib is currently tested
in multiple sclerosis (ClinicalTrials.gov Identifier:
NCT01450488) but not yet in SSc. Other tyrosine kinase
inhibitors such as imatinib have recently shown positive ef-
fects in animal models and case series, but failed in con-
trolled trials [45]. The probable reason for this discrepancy
might be the low expression of tyrosine kinase inhibitor
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targets (PDGF or C-Abl) in skin tissue from SSc patients
compared with certain animal models [46].

Conclusion

Mast cells are natural biosensors of the interstitial tissue
orchestrating vasotonus and extracellular matrix turn-over.
Slow release of mast cell vesicles with profibrotic cy-
tokines and growth factors induce collagen expression in
fibroblasts. Transgranulation via cell-cell contact seems to
underline this phenomenon. Mast cells also interact with
other immune cells such as monocytes or lymphocytes
and monocyte differentiation into myofibroblasts has been
described in SSc. Activated mast cells also release pro-
teoglycans as direct matrix components. Therefore, fibrosis
could be regarded as unspecific result of chronic mast cell
activation rather than being specific for one disease. Fur-
ther studies are necessary to understand this vesicle trans-
port and, more importantly, to identify triggers for mast cell
degranulation to develop new efficient treatment options.
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Figures (large format)

Figure 1

Different forms of degranulation in mast cells.
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Figure 2

Transmission electron microscopy of the dermis in a patient with systemic sclerosis. The image shows cell-to-cell contact between a mast cell
and a fibroblast with transgranulation (arrow).
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Figure 3

Schematic illustration of mast cells as key players in fibrosis. After stimulation by a trigger, e.g., IgG molecules, mast cells induce profibrotic
cytokines or growth factors. Fibroblasts are stimulated and monocytes differentiate into myofibroblasts. Proteoglycans can be directly released
by the mast cell in the surrounding matrix. Antigen-presentation to lymphocytes might induce autoimmunity. The suppression of mast cell
degranulation by T-regulatory cells under physiological conditions can be impaired in chronic inflammation.
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