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Abstract Mast cells play an important role in both
adaptive and innate immunity, and a large body of literature
demonstrates their functions in skin immunity. This article
reviews the literature on the role of this cell type in the
pathogenesis of a number of immunological skin diseases,
including contact dermatitis, atopic dermatitis, immunobul-
lous disease, scleroderma, and chronic graft-vs.-host dis-
ease. In all these diseases, mast cells are noted to increase
in number and undergo degranulation in the affected skin,
and in some cases, their specific mediators are detected.
Elucidation of the contribution of mast cells to the
pathogenesis of these diseases has been aided significantly
by the use of animal models, especially mouse models. The
studies of mast cell-deficient mice in conjunction with
normal congenic mice have been particularly fruitful,
although in some cases, such as contact dermatitis, a defin-
itive conclusion has not been achieved despite extensive
efforts. The role of mast cells in atopic dermatitis has also
been suggested by studies of gene polymorphism, which
have linked some of the mast cell-related genes to the
disease. In the case of scleroderma and chronic graft-vs.-
host disease, the function of mast cells in fibrosis is further
supported by the ability of these cells and their mediators to
induce activation and proliferation of fibroblasts. Therapies
targeting mast cells may prove beneficial for treatment of
these inflammatory and autoimmune diseases.
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Introduction

Mast cells in the skin are normally located adjacent to
blood and lymphatic vessels, where they can encounter
substances delivered through these two streams. In addi-
tion, some of the cells are in connection with nerve endings
and, thus, can also receive signals from the nervous system.
Existing literature suggests that this cell type has important
functions in the immune system [1–4]. Among these, the
one associated with IgE is undoubtedly the most well
documented. These cells can be sensitized by IgE via their
cell surface high-affinity IgE receptor (FcɛRI). When
sensitized mast cells encounter the antigens to which the
bound IgE antibodies are specific, they respond in a fashion
that culminates in the manifestation of immediate-type
hypersensitivity. Mast cells can also serve as effector cells
in the immune system in an IgE-independent fashion, as
they can be activated by products of the complement cascae
and various cytokines. A very interesting recent develop-
ment is that mast cells may mediate in part the immune
suppressive function of regulatory T cells (Treg) [5].

Mast cells produce an array of cytokines, chemokines,
and growth factors that regulate the recruitment, trafficking,
and function of other immune cells and cells involved in the
skin inflammatory response. First, mast cells have been
shown to induce cell adhesion molecules on endothelium
that are essential for leukocyte–endothelial cells interac-
tions through their secreted tumor necrosis factor-alpha [6].
In addition, through interleukin-4 (IL-4) and IL-13, they
can induce vascular cell adhesion molecule 1 on endothelial
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cells [7, 8] that are also critically involved in inflammatory
responses. These effects are likely to significantly contrib-
ute to the influx of leukocytes to the inflammatory skin
sites. Mast cells can affect the differentiation of naïve T
cells to Th1 and Th2 subsets and enhance T cell activation
[9, 10]. They can induce T-cell migration either directly
through chemotactic factors or indirectly by inducing
adhesion molecule expression on endothelial cells [11].
They can also regulate primary B cell development and
stimulate IgE synthesis in B cells [12–14].

Among the resident skin cells, mast cells can affect the
functions of keratinocytes and dendritic cells. Histamine
released by mast cells can act on keratinocytes and promote
their production of adhesion molecules, proinflammatory
cytokines and chemokines, and growth factors [15, 16].
This in turn results in augmented inflammation. An earlier
study showed that specific activation of dermal mast cells
in an organ culture led to the induction of α6β1 and α6β4
integrins in Langerhans cells, through release of TNFα
[17]. A subsequent study demonstrated that, when activat-
ed, skin mast cells can induce the migration of Langerhans
cells to the local lymph nodes [18], also through the
secretion of TNFα [19]. They can thus promote antigen
presentation by these dendritic cells to T cells.

Mast cell can also influence the antigen-specific T cell
response by modulating the dendritic cell function. A recent
study showed that, through modulation of dendritic cells,
mast cells affect Th1/Th2 polarization in response to an
antigen [20]. Another study suggests that through a
mediator they produce, prostaglandin D2, mast cells lead
to Th2-polarized responses by suppressing IL-12 produc-
tion by dendritic cells [21]. Finally and importantly, mast
cells appear to be capable of substituting for the function of
dendritic cells by presenting antigens to T cells directly
[22–26].

Therefore, mast cells can be considered as sentinel cells
in the skin and they function both as effector and regulatory
cells. Consistent with having these attributes, these cells
have been shown to be critically involved in the pathogen-
esis of various immunological skin diseases. The role of
mast cells in urticaria is discussed in the review by Greaves
and Tan. In this review, we summarize their roles in contact
and atopic dermatitis (AD), immunobullous diseases,
scleroderma, and graft-vs.-host disease (GVHD).

Allergic Contact Dermatitis

Allergic contact dermatitis is a common inflammatory
dermatosis caused by exposure to a variety of haptenic
antigens in sensitive individuals. In the sensitization phase
the inflammation is initiated by the antigen being taken up
by the skin antigen-presenting Langerhans cells, which then

migrate to lymph nodes and present the antigen to naïve T
cells and activate these cells. During the elicitation phase, T
cells subsequently migrate to the affected skin site and are
reactivated by the antigen-presenting cells. This leads to a
cascade of inflammatory responses, representing a type IV
allergic reaction. There are only a few studies addressing
the function of mast cells in allergic contact dermatitis in
humans. An early work examined allergic contact derma-
titis reactions to dinitrochlorobenzene and urushiol (the
antigen responsible for poison ivy contact dermatitis) and
noted the presence of mitotic mast cells 3 days after the
application of the allergens, as well as an increase in the
number of these cells. In addition, they were noted to have
undergone degranulation [27].

Most of our knowledge on the role of mast cells in
allergic contact dermatitis is derived from studies of mouse
models, in which skin reactions are induced by topical
application of haptens. A number of studies demonstrated
an increase in the mast cell density at the reaction sites. For
example, in one study the investigators topically applied
picryl chloride on days 4, 11, 18, and 25, and after the 4th
application, they noted a significant increase in the number
of mast cells [28]. These additional cells could originate
from the bone marrow or from division of cells originally
residing in the skin. In addition, it has been shown that cells
with characteristics of mast cells could be derived from
culturing hair follicles of adult mice [29], suggesting that
the skin hair follicles may be a source.

Degranulation of mast cells is also a regular finding in
the lesional skin in the mouse models. This is observed at
the sites of allergic contact sensitivity induced by a variety
of haptens, including oxazolone, picryl chloride, and
trinitrochlorobenzene [28, 30, 31]. In a time-course study,
Kerdel et al. [31] noted there was modest degranulation of
mast cells between 1 and 6 h and extensive degranulation at
12 h, after antigen challenge, in mice sensitized with 0.1%
tinitrochlorobenzene (TNCB) and then challenged with 1%
TNCB. Another study utilized ultrastructural features of
mast cells to confirm their degranulation in picryl chloride-
induced contact dermatitis [28]. The relevance of mast cell
degranulation is suggested by the finding that the extent of
this process is lower in mice having a suppressed
inflammatory response, for example, in those deficient in
certain proteins critical for the development of contact
sensitivity [30, 32].

In mouse models, IgE production often parallels the
development of contact sensitivity [28, 33]. Thus, it is
conceivable that mast cells are sensitized by antigen-
specific IgE under the condition of contact sensitivity and
are triggered to degranulate upon subsequent exposure to
the antigens. In one study, mast cells isolated from the
peritoneal cavity of mice treated topically with picryl
chloride were noted to degranulate when exposed to the

Clinic Rev Allerg Immunol (2007) 33:144–155 145145



antigen in culture. Additional studies suggest that these
cells were indeed sensitized by antigen-specific IgE [34].
Contact dermatitis in humans is not generally considered to
be associated with antigen-specific IgE. It is possible such
IgE does exist but in amounts that are below the detection
limit.

In mouse models, repeated antigen exposure results in a
change of the response from a typical delayed type to an
immediate type in terms of the time course. For example,
when repeatedly sensitized with oxazolone for 24 days at
2-day intervals, mice developed an immediate-type re-
sponse at 30 min after the antigen application [33].
Natsuaki et al. [35] confirmed these findings and further
demonstrated the involvement of mast cells in the
immediate-type response. They found that mast cell-
deficient mice did not exhibit detectable immediate
reaction, while congenic normal mice showed both
immediate and delayed-type reactions. In addition, one
study showed that repeated sensitization also resulted in
accumulation of a large number of mast cells at the
sensitized sites and elevation of serum levels of antigen-
specific IgE [36]. Thus, the development of an immediate-
type response is most likely due to the sensitization of mast
cells by antigen-specific IgE. These cells can then be trig-
gered to release mediators when encountering the hapten
again, which can become associated with certain proteins and
form multivalent antigens. Whether in human contact derma-
titis repeated antigen exposure results in an immediate-type
response awaits investigation.

Several studies with mouse models have revealed a role
for IgE in the elicitation phase of contact sensitivity. First,
the intensity of contact sensitivity responses correlates with
the level of hapten-specific IgE [37]. Second, topical
application of antigens can result in a contact sensitivity
response in mice that receive antigen-specific IgE. In one
study, Ray et al. [38] passively sensitized BALB/c mice
with monoclonal antidinitrophenyl IgE antibody and treat-
ed the mice on the ears 48 h later with the hapten 2,4-
dinitrofluorobenzene. A biphasic response gauged by the
ear swelling was noted, which included an early, transient
one occurring within 15 to 30 min of challenge and a
second, more persistent one at 24 to 48 h after challenge.
Other investigators also employed passive transfer systems
and found evidence for a function of antigen-specific IgE
in contact sensitivity [39–41].

The contribution of IgE in contact sensitivity in mice has
been definitively established by Bryce et al. with the use of
IgE-deficient (IgE−/−) mice [42]. The delayed-type response
to hapten sensitization was diminished in these mice but
was restored by administration of IgE before sensitization.
Interestingly and remarkably, transferred IgE does not have
to be specific for the relevant hapten. These investigators
also noted that IgE−/− mice do not exhibit the reduction of

dendritic cell numbers in the epidermis after hapten
exposure that typically occurs during contact sensitivity.
They thus suggested that IgE can promote sensitization by
contact allergens through binding to and affecting the
functions of mast cells, one of which could be the pro-
motion of dendritic cell migration.

The function of mast cells in the development of contact
sensitivity has been studied extensively with the use mast
cell-deficient mice. In a number of studies, mice deficient in
mast cells developed a significantly lower degree of contact
sensitivity [43–46]; however, some other studies did not
reveal an essential role of this cell type [47–52]. A large
number of variables could contribute to these discrepancies,
as discussed in detail by Bryce et al. [42]. These include the
nature and concentration of haptens used and genotype of
mast cell-deficient mice employed. As mentioned above,
repeated sensitization can result in an immediate-type
response, which is undoubtedly mast cell-dependent. Thus,
another confounding cause for the variable results could be
the extent of the immediate-type response that is elicited,
which in turn could be related to the amount of hapten-
specific IgE produced.

The contribution of mast cells has also been addressed by
studying the effect of the mediators produced. One study
examined the effect of histamine on the development of
contact dermatitis by using histamine-deficient mice. When
mice were treated by repeated topical applications of the
hapten diphenylcyclopropenone, development of dermatitic
lesions was suppressed in histamine-deficient mice com-
pared to wild-type mice. In addition, these authors found
that development of dermatitic lesions in histamine-
deficient mice was restored by treating mice with a type 1
histamine receptor agonist. In addition, a receptor antagonist
suppressed the development of such lesions in wild-type
mice [53]. As mentioned above, these findings could be
related to the development of IgE- and mast cell-dependent
immediate-type response in mice repeatedly treated with
haptens, in which histamine likely plays a prominent part.

More recent studies continue to provide evidence for the
role of mast cells in contact sensitivity as well as some
mechanistic insights. In one, Biedermann et al. [46]
demonstrated that, in trinitrochlorobenzne-induced contact
sensitivity, this cell type is responsible for the recruitment
of neutrophils into the site of skin reactions. They further
concluded that a mast cell-derived cytokine, TNF, and a
chemokine, MIP-2, contribute to the development of
contact sensitivity. Suto et al. [54] subsequently showed
that mast cells are responsible for migration of dendritic
cells into the lymph nodes during contact sensitivity
reactions and that TNF produced by these cells plays an
important part.

In summary, allergic contact dermatitis in humans is
associated with an increase in the number of mast cells and
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activation of these cells, and these findings are noted also in
mouse models. The function of mast cells in the develop-
ment of contact sensitivity in humans is currently unknown.
Whereas extensive studies of this subject in mouse models
have not yielded conclusive information, they suggested
intriguing possible future investigations in humans. In
particular, it would be important to determine whether
there is a component of immediate-type response in human
contact dermatitis mediated by antigen-specific IgE and
whether IgE plays a role in this dermatosis in an antigen-
dependent, as well as independent, manner as observed in
mice. In addition, it would be of interest to test whether
mast cell inhibitors are useful for treatment of allergic
contact dermatitis, in conjunction with other modes of
therapies.

Atopic Dermatitis

Atopic dermatitis is a relatively common chronic inflam-
matory skin disease characterized by intense pruritus and
eczema, and is often associated with allergic asthma,
rhinitis, and food allergies. Various studies indicated that
AD has a complex etiology, with involvement of multiple
immunologic and inflammatory pathways. About 80% of
AD patients show high levels of total and specific IgE
antibodies to a variety of allergens, especially those in food
and inhalant antigens, such as chicken egg, dust mites,
pollens, and molds. Serum IgE levels in AD patients tend to
be higher than those in other allergic diseases. Previous
studies have shown a strong correlation between the serum
IgE levels and severity of AD [55]. IgE-dependent allergic
reactions are therefore thought to contribute to the
development of AD. However, the involvement of IgE in
the pathogenesis of AD remains controversial. Mast cells
have also been shown to represent key effector cells of
acute AD lesions and contribute significantly to chronic
AD. In acute AD lesions, this cell population is normal in
number but shows degranulation [56]. In contrast, there is a
significant increase in their number, especially in areas of
lymphocytic infiltration in the papillary dermis, in chronic
AD lesions [56, 57].

Elevated concentrations of histamine have been detected
in the skin and plasma of patients with AD [58]. In AD
skin, both IL-4 and IL-13, key cytokines for the develop-
ment of the Th2 response, are increased. Mast cells have
been shown to be the major source of these cytokines [59],
and a recent report revealed that IL-4 and IL-13 are
expressed by 66 and 20% of mast cells in AD skin,
respectively [60]. Mast cells can contribute to Th2 polar-
ization in the skin of AD patients through these cytokines.
Mast cells also produce IL-5, which is likely to contribute
to eosinophil infiltration in the AD skin [61]. Moreover,

mast cells were found to be in close association with
endothelial cells in the lesional skin, and there is evidence
suggesting that they stimulate vascular proliferation, prob-
ably via the release of proangiogenic factors [62]. Thus,
these cells can promote inflammation indirectly through
increasing the vasculature at the inflammatory sites.

The current view is that AD, like other allergic disorders,
results from complex interactions between a number of
genetic and environmental factors. There have been several
reports about a significant association between the polymor-
phism of mast cell-related genes and AD. One such report
has demonstrated a strong association between gene poly-
morphism in the β chain of high-affinity IgE receptor
(FcɛRI) and AD [63]. Such polymorphism can result in
increased surface expression of this receptor as well as
amplification of intracellular signaling, resulting in increased
IgE-dependent mast cell activation. Chymase, which is a
chymotrypsin-like serine protease stored in mast cell
granules that hydrolyzes a variety of substrates, such as
angiotensin I, metalloproteases, lipoproteins, and procolla-
gen, is increased in the AD skin [64]. A significant
association between genetic variants of mast cell chymase
and AD has been reported [65].

The significant role of mast cells in AD has also been
revealed by several animal experiments. Using mast cell-
deficient mice (W/Wv), evidence has been provided to
support mast cells’ contribution to chronic AD through
regulating IFN-γ expression in the skin and circulating IgE
levels [66]. A recent report revealed that Rab guanine
nucleotide exchange factor I (RabGDF1) is a negative
regulator of FcɛRI-dependent mast cell activation and
that RabGDF1-deficient mast cells exhibited enhanced
degranulation and release of cytokine [67]. Interestingly,
mice lacking RabGDF1 displayed many of the features
of human AD, such as elevated total IgE levels and skin
inflammation characterized by epidermal hyperplasia and
dense infiltrates of lymphocytes, eosinophils, monocytes/
macrophages, and mast cells in the dermis [67]. The NC/
Nga mouse strain is a popular model that spontaneously
develops an inflammatory response in the skin resembling
that seen in human AD. It has been reported that a mast cell
chymase inhibitor improved dermatitis in NC/Nga mice
[68].

An interesting recent development is that a drug
targeting IgE, omalizumab, has shown promise in the
treatment of AD. Omalizumab is a humanized monoclonal
antibody that binds to IgE at the same location recognized
by FcɛRI, and it is thus able to effectively inhibit IgE
binding to mast cells. Administration of omalizumab results
in a remarkable reduction in the level of free IgE in the
serum. Recent studies have demonstrated the beneficial
effect of omalizumab in AD patients [69]. The results
support a function of IgE in the manifestation of AD. In
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view of information supporting mast cells as critical
effector cells in both acute and chronic AD lesions,
therapies targeting mast cells might prove useful for the
treatment of AD.

Immunobullous Diseases

The role of mast cells in autoimmune bullous diseases has
been best documented in bullous pemphigoid (BP). This
acquired disorder is characterized by subepidermal blisters
resulting from autoantibodies directed at the hemidesmo-
somal antigens, primarily BP180 and BP230, which are
detectable at the dermal–epidermal junction in skin lesions,
along with complement proteins. Wintroub et al. [70] was
the first to report the presence of mast cells and their
degranulation as prominent histological features of the
affected skin in patients with BP. This finding was
subsequently confirmed in other studies [71]. Furthermore,
the presence of high concentrations of histamine and mast
cell-derived chemoattractants, including those acting on
eosinophils, in the blister fluid of BP patients has been
known for some time [72, 73].

Additional support for the function of mast cells in the
immunopathogenesis of BP is provided through studies
demonstrating elevated levels of tryptase, a serine protease
produced by activated mast cells, in the blister fluid of
patients with BP [74, 75]. Furthermore, exposure of normal
human skin explants to tryptase or compound 48/80, which
can induce mast cell degranulation, resulted in focal
dermal–epidermal junction separation [76].

Still another line of evidence comes from studies that
investigate the function of IgE antibodies in this autoim-
mune disease. Elevated serum IgE levels have been
reported in a majority of patients with BP [77]. More
recent studies have demonstrated that circulating IgE
antibodies in BP patients are directed against the NC16
ectodomain of BP180, the same antigenic region recog-
nized by the IgG class autoantibodies [78–80]. Further-
more, dermal mast cells in untreated BP patients were noted
to contain IgE, as well as the BP180 antigen, on the cell
surface as revealed by immunofluorescence labeling [79].
The authors postulated that BP180-specific IgE can
sensitize mast cells and lead to their degranulation when
the cells are exposed to the BP180 antigen, thereby
contributing to the pathogenesis of BP.

The functional significance of mast cells in BP has
been addressed through the use of animal models. In one
model, skin lesions are created via injection of neonatal
mice intradermally with IgG antibodies directed against
mouse BP180. Mice develop subepidermal blisters and the
lesions exhibit some of the key immunopathological
features found in the human disease [81]. It is now known

that the pathogenesis of the antibody-induced disease in this
model depends on the activation of the complement
pathway [82], as well as neutrophil recruitment [83].
Moreover, a series of intricate experiments have elucidat-
ed the critical role for mast cells in the pathogenesis of
this experimental model [84]. Wild-type mice injected
intradermally with pathogenic anti-mouse BP180 IgG
exhibited extensive mast cell degranulation in the skin,
which occurred before neutrophil infiltration and develop-
ment of skin lesions. In contrast, in mast cell-deficient
mice, the accumulation of neutrophils and development of
skin lesions were diminished. These responses were
restored, however, in mast cell-deficient mice reconstituted
with mast cells in the skin. Similarly, skin lesions
developed in mast cell-deficient mice in which neutrophil
accumulation was facilitated by administration of the
neutrophil chemoattractant IL-8 at the site of injection of
anti-BP180 antibodies. Finally, neutrophil accumulation
and skin blistering were blocked when mice were treated
with a mast cell inhibitor, cromolyn. On the basis of these
findings, the authors concluded that mast cell degranula-
tion is crucial for pathogenesis in this experimental BP
and accounts for approximately two-thirds of neutrophil
recruitment into the developing lesions.

In summary, studies of human clinical samples have
revealed the presence and activation of mast cells as
consistent features of BP and studies of mouse models
have supported a function of these cells in the autoanti-
body-mediated development of skin blisters. Future studies
could address whether there is a subset of patients in whom
IgE and mast cells play a more prominent part and whether
medications targeting these molecules and cells would be
beneficial in the treatment of BP.

Scleroderma

Scleroderma is a multisystem disorder that is characterized
by sclerotic changes of the skin as well as various internal
organs and carries significant morbidity and mortality. The
literature on the role of mast cells in scleroderma is rather
extensive and provides several lines of evidence. Elevated
density of this cell type in the affected skin of scleroderma
patients constitutes one line of evidence. Earlier studies
used conventional staining methods to demonstrate an
increase in dermal mast cell density in early stages of the
cutaneous lesions [85, 86] but a decrease in more severely
involved skin [86]. Seibold et al. [87] utilized a double
staining method with anti-FcɛRI antibody for cell surface
staining and avidin for cytoplasmic staining to demonstrate
that the number of activated (i.e., degranulated) dermal
mast cells was increased in the unaffected skin in the early
phase of the disease, as well as in the affected skin in both

148 Clinic Rev Allerg Immunol (2007) 33:144–155



early and late phase of the disease. The authors concluded
that mast cell proliferation and activation precede skin
fibrosis in scleroderma.

More recent studies have utilized monoclonal antibodies
against mast cell-specific proteases (i.e., chymase and
tryptase) to stain these cells. The advantage of this
approach is that degranulated mast cells are also stained,
in contrast to conventional staining methods, which may
not detect these cells. Using this approach, Irani et al. [88]
found a decrease in mast cell density in half of the specimens
from patients in the early stage (mildly sclerotic lesions) of
the disorder and variable density in specimens from patients
in the later stages (severely sclerotic lesions) of the disorder.
Furthermore, they noted an unusually high prevalence of the
MCT (tryptase-positive, chymase-negative) phenotype in
sclerodermatous skin, which is in contrast to the predomi-
nant MCTC (tryptase- and chymase-positive) phenotype
seen in healthy adult skin [88]. These findings were not
fully confirmed by a later study that employed the same
staining techniques but grouped patients according to the
histological grade. That study found significantly increased
mast cell density in grade 1 (sclerodermatous stage) skin,
compared to normal skin, although there was individual
variability between specimens. In contrast, mast cell
density was significantly decreased in grade 2 (sclerotic
stage) skin compared to normal skin. The study’s finding
with regard to changes in mast cell phenotype in
scleordermatous skin was also inconclusive because there
was significant variability in MCTC to MCT ratio in both
sclerodermatous and normal skin [89]. These differing
findings may be partly secondary to the different classifi-
cation of patients each study employed. Nevertheless, both
studies support involvement of this cell type in the
pathogenesis of cutaneous lesions in scleroderma. Further-
more, both group of investigators suggested that localiza-
tion of mast cells and phenotypic differentiation may be a
function of the altered cytokine profiles in the microenvi-
ronment of sclerodermatous skin.

Another line of evidence supporting the important
function of mast cells in scleroderma arises from studies
of mouse models. Mast cell involvement in the pathogen-
esis of scleroderma has been investigated in three such
models: (1) tight-skin (Tsk) mouse, (2) bleomycin-induced
scleroderma, and (3) chronic graft-vs.-host disease
(cGVHD). The findings from the first two are discussed
herein, whereas those from the third one are included in the
next section. The Tsk mouse is a strain that displays a
widespread disorder of connective tissues, including the
fibrosis of deep dermis and subcutaneous connective tissue
[90, 91] due to a gene mutation. Walker et al. [92] was the
first to report that fibrotic lesions in Tsk mice were
characterized by an increase in dermal mast cell density
and a prominence of degranulated mast cells. In two other

studies, the same investigative group reported a significant
decrease in skin fibrosis of Tsk mice following treatment
with inhibitors of mast cell degranulation, cromolyn [93]
and ketotifen [94]. Mast cell involvement in pathogenesis
of the scleroderma-like phenotype in Tsk mice was further
investigated in a study that utilized a mast cell-deficient
strain. Mast cell-deficient mutants carrying the Tsk locus
generated by interbreeding between the two strains were
not different from Tsk mice in the early phase of the
fibrotic disease. However, the former clearly had a
significantly lower extent of fibrosis than the latter at
advancing age (5–7 months), when the fibrosis is more
pronounced. The results suggest mast cells contribute to the
development of fibrosis [95].

Wang et al. [96] further investigated the mechanisms
underlying mast cell accumulation in fibrotic cutaneous
lesions of Tsk mice. A series of experiments were devised
to quantitatively assess mast cell density and cytokine
production in Tsk mice, their normal littermates, and skin
heterografts between the two strains. The investigators
reported that, in comparison with normal mice, Tsk mice
exhibited elevated dermal mast cell density as well as
higher mRNA expression of transforming growth factor-
β1 (TGF-β1), stem cell factor (SCF), and IL-15—three
cytokines known to be important in mast cell proliferation,
differentiation, or recruitment. Interestingly, the authors
found increases in both mast cell density and mRNA
levels of the three cytokines in normal mouse skin grafted
onto Tsk mice, but not in Tsk mouse skin grafted onto
normal mice. The investigators concluded that mast cell
accumulation in Tsk mice is mediated through cytokines,
including TGF-β1, SCF, and IL-15, produced in the local
environment. It is worth mentioning a study reported
increased local SCF expression in dermis of patients with
scleroderma, as seen in Tsk mice, supporting the contri-
bution of this cytokine to mast cell hyperplasia seen in the
human disease [97].

In the bleomycin-induced model, dermal sclerosis
resembling scleroderma both histologically and biochem-
ically is induced by repeated local injections of bleomycin
[98]. In bleomycin-treated mice, increased mast cell
density, as well as mast cell degranulation, was noted in
parallel with the development of dermal sclerosis [98].
However, in a later study, the investigators noted that
bleomycin could induce dermal sclerosis even in genetical-
ly mast cell-deficient mice [99]. Based on these findings,
the investigators suggested that mast cells may be associ-
ated with, but are not required for, the induction of dermal
sclerosis [99, 100].

Various studies have supported the role of mast cells in
promoting fibrosis. First, mast cell accumulation appears
also in other fibrotic conditions, including normal repara-
tive and pathologic wound healing [101], liver cirrhosis
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[102], pulmonary and myocardial fibrosis [101], and renal
interstitial fibrosis [103, 104], suggesting the key role of
this cell type in promoting fibrosis. Second, the direct and
indirect profibrotic effects of mast cell-derived mediators
have been well-documented in the literature and reviewed
by a number of authors (e.g., Claman [105] and Gruber
[106]). Histamine, for example, has been reported to
stimulate proliferation of fibroblasts from normal human
adult lung [107] and to increase collagen synthesis in
cultured fibroblasts derived from guinea pig skin [108].
Tryptase has also been implicated as an activating and
chemotactic factor for fibroblasts and has been shown to
induce cell proliferation and synthesis of type I collagen
[109, 110]. Other potentially fibrogenic mast cell mediators
include chymase, heparin, TGF-β, basic fibroblast growth
factor, tumor necrosis factor-α, IL-4 and platelet-derived
growth factor [106]. Another clue to the profibrotic
potential of mast cells comes from coculture studies of
these cells with fibroblasts. In particular, activated human
mast cells induced proliferation and type I collagen
production in cocultured fibroblasts [109, 111].

In conclusion, the involvement of mast cells in the
pathogenesis of scleroderma is suggested by several main
lines of evidence: increased mast cell density in cutaneous

lesions of both human patients and animal models of
scleroderma, demonstration of amelioration or induction of
the disease process in animal models using mast cell
stabilizers or activators, and abundant experimental data
supporting the profibrotic potential of mast cells. Despite
this body of evidence, however, the precise role of mast
cells in the pathogenesis of scleroderma remains to be
elucidated. Claman presented an integrated schema for
pathogenesis of scleroderma that emphasized the interac-
tions among mast cells, fibroblasts, and endothelial cells
mediated by a number of cytokines [112]. Elucidation of
the pathogenesis of scleroderma will require better under-
standing of the precise roles of these different cellular and
molecular players.

Chronic Graft-vs.-Host Disease

cGVHD is a serious complication of bone marrow
transplantation caused by the reaction of human leukocyte
antigen-incompatible, immunocompetent donor cells
against the tissues of an immunocompromised host. It
occurs in up to 30% of long-term survivors (>100 days) of
bone marrow transplantation [113] and is accompanied by

Fig. 1 Role of mast cells in immunological skin diseases. Mast cells
are found to be increased in number and undergo degranulation in
contact dermatitis, atopic dermatitis, immunobullous disease, sclero-
derma, and cGVHD. The roles of mast cells in these diseases are
suggested by the known effects of these cells on the immune and
inflammatory cells, through mediators, cytokines, and chemokines
they produce. Studies of mouse models of these diseases have further
supported the contributions of this cell type to their pathogenesis. In

the case of contact and atopic dermatitis, mast cells are likely to
contribute to Th1/Th2 polarization, migration of Langerhans cells to
lymph nodes, and recruitment of eosinophils to the lesional skin. In
the case of immunobullous disease, recruitment of neutrophils and
eosinophils by mast cells may contribute to blister formation. In the
case of scleroderma and cGVHD, the activation of fibroblasts by mast
cells may be one of the primary underlying causes of fibrosis
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the development of sclerodermatous skin. The role of mast
cells in sclerodermatoid GVHD has been well-studied by
using a particular mouse model generated by injection of
spleen cells from immuncompetent donor mice into
allogeneic recipient mice pretreated with a sublethal dose
of total body irradiation [114]. Within 2 weeks of induction,
these mice were noted to have dermal fibrosis, atrophy of
cutaneous fat and appendages, and mononuclear cell
infiltrates resembling the histological features of both
human cGVHD and scleroderma [114, 115].

In a series of intriguing experiments, Claman and
colleagues noted extensive degranulation of mast cells
immediately prior to skin fibrosis in cGVHD mice. The
authors noted a decrease in the detectable toluidine blue-
stained cells over 2–4 weeks [115]. Using double immuno-
fluorescence and ultrastructural studies, they concluded that
this was secondary to activation and degranulation of mast
cells [116, 117]. Using the same mouse model, Levi-
Schaffer et al. [118] investigated the effects of treatment
with a mast cell stabilizer (sodium nedocromil) and a mast
cell activator (compound 48/80) on early skin changes of
cGVHD. The authors reported that nedocromil ameliorated
the skin manifestations of cGVHD and diminished skin
fibrosis, whereas compound 48/80 induced skin changes
resembling mild cGVHD in control mice [119]. It should be
noted that mast cell degranulation is also a feature of acute
GVHD in mouse models [120].

Additional evidence for mast cell involvement in
cGVHD pathogenesis arises from exposure of peritoneal
mast cells cultured on fibroblast monolayers to splenocyte
supernatants from cGVHD mice. In this in-vitro system,
the cGVHD supernatant is believed to induce slow
activation of mast cells, as indicated by both histamine
release into the culture medium and morphological
evidence using electron microscopy [121]. Other experi-
mental findings supporting mast cell–fibroblast interac-
tions in coculture systems and in vitro profibrotic effects
of mast cells are reviewed in the section on scleroderma.
These findings are relevant to understanding the role of
mast cells in cGVHD and scleroderma, as fibrosis is the
underlying pathogenic process in both conditions.

The putative role of mast cells in cGVHD has also
been indirectly suggested by observations of elevated
serum IgE levels in both human bone marrow transplan-
tation patients [122, 123] and mouse models of GVHD
[124, 125]. In addition, Ushiyama et al. [126] reported a
correlation between the level of IgE and liver disease and
splenomegaly in a bone marrow transplantation mouse
model of GVHD. They further noted that treatment with
anti-IL-4 monoclonal antibodies that suppressed IgE
production by B-cells resulted in reduced liver disease
and splenomegaly [126]. The potential function of IgE in
cGVHD pathogenesis was more directly assessed by

Korngold et al. [127] using a lethal GVHD mouse model.
The authors reported significant inhibition in development
of lethal GVHD in mice treated with peptides that inhibit
the interaction of IgE with FcɛRI.

Conclusions

Mast cells are found to be increased in number in many
immunological skin diseases, including contact dermatitis,
AD, immunobullous disease, scleroderma, and cGVHD. In
these diseases, mast cells are noted to undergo degranula-
tion in the affected skin, and in some cases, mediators
specific to this cell type are detected. The involvement of
mast cells is also suggested by the presence of antigen-
specific and disease-associated IgE in some of these
diseases, which is known to be able to mediate mast cell
activation. The function of mast cells in AD has been
further suggested by the significant association between the
polymorphism of mast cell-related genes and the disease.
Based on the vast amount of literature on the functions of
mast cells in adaptive and innate immunity, these cells are
believed to contribute significantly to the pathogenesis of
these immunological skin diseases. In particular, in addition
to being able to mediate immediate hypersensitivity, mast
cells are now known to have effects on T and B cells,
keratinocytes, Langerhans cells, and endothelial cells
through an array of cytokines, chemokines, and growth
factors they produce. Through these effects, mast cells
contribute to amplification of inflammatory responses.

Elucidation of the role of mast cells in these diseases has
been aided significantly by the use of animal models,
especially mouse models. The studies of mast cell-deficient
mice in conjunction with normal congenic mice, as well as
mast cell-deficient mice reconstituted with mast cells, has
been particularly fruitful. In the case of contact dermatitis,
extensive studies with these models have not resulted in a
definitive conclusion but suggested additional investiga-
tions to be conducted in humans. In the case of
scleroderma and cGVHD, the function of mast cells in
fibrosis is further supported by the ability of these cells and
their mediators to induce activation and proliferation of
fibroblasts. The key aspects of the functions of mast cells
in immunological skin diseases are summarized in Fig. 1.

The view of the involvement of mast cells in immuno-
logical skin diseases now needs to take into consideration
the very recent development that mast cells appear to
mediate the immune suppressive function of Treg, as
mentioned in the “Introduction” [5]. Thus, whereas mast
cells may function in amplifying inflammatory responses,
these actions may be offset by their part in dampening the
responses through receiving signals from Treg.
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The identification of specific cell surface receptors on
mast cells and elucidation of molecular mechanism under-
lying activation of these cells have led to the development of
mast cell-targeting therapeutic approaches and promised
additional developments in the future (reviewed in Kovarova
and Rivera [128]). These approaches may prove beneficial
for treatment of the inflammatory and autoimmune diseases
discussed in this review.
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