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Mast cells in collagen diseases
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ABSTRACT

Mast cells are involved in many immune reactions and diseases through 1) the expressions of several
receptors, 2) productions of various mediators such as histamine, cytokines, and chemokines, 3) direct in-
teractions with immune cells. Besides allergic diseases, the involvement of mast cells has been also investigated
in autoimmune diseases such as bullous pemphigoid, rheumatoid arthritis, and multiple sclerosis. Moreover,
several studies reported the involvement of mast cells in collagen diseases. In this article, we review recent
findings about the role of mast cells especially in systemic lupus erythematosus and systemic sclerosis. In these
diseases, mast cells seem to be involved in local inflammation and tissue damage in the targeted organ or local
immunosuppression rather than the development of autoimmunity including production of autoantibodies.
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Introduction

Mast cells are hematopoietic cells which have characteristic secretary gra-
nules in their cytoplasm'’. Mast cells generally distribute in host-environment
interface sites such as skin and mucosal tissues of digestive and respiratory
tracts. In these tissues, mast cells response to various pathogens™. Mast cells play
important roles in the defense against some parasitic and bacterial infections.
In response to various allergens, mast cells degranulate their secretary granules
including histamine, and induce immediate type hypersensitivity and Th2
immune response. Furthermore, mast cells also play important roles in tissue
remodeling and fibrosis'"’. Due to these diverse functions, the involvement of
mast cells has been reported in various diseases including allergic diseases,
malignant tumors”’ and autoimmune diseases' . In this review, we summarize
current knowledge about the role of mast cells in collagen diseases.

Mast cells in autoimmune diseases

Mast cells express several receptors on their cell surface. High-affinity
IgE receptor (FceRI) is a well-known receptor that binds specific IgE for
various allergens. Allergen stimuli cause crosslinking of FceRI-bound IgE,
and induce allergic reactions by degranulation of their cytoplasmic granules.
KIT with tyrosine kinase activity is important for mast cell maturation and
proliferation. Furthermore, mast cells also express toll-like receptors which
recognize pathogen-associated molecular patterns, FcyRI and FcyRIII for IgG,
and complement receptors for C3a and C5a'"*. The production of various
autoantibodies and activation of complement system are key events in many
autoimmune diseases. Therefore, expressions of receptors for these components
implicate the involvement of mast cells in collagen diseases.

Additionally, mast cells release many types of mediator with or without
degranulation. In addition to chemical mediators such as histamine, protease,
and lipid mediators, mast cells also produce and release various cytokines (e.g.
TNF-a, IL-4, IL-5, IL-10, and TGF-B), and chemokines such as CCL2 and
CXCL8™".
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Moreover, mast cells directly interact with various
immunocompetent cells through some ligands and
costimulatory molecules”™. For example, following
antigen stimulation, OX40L on mast cells contributes
to T cell activation through interaction with OX40
on T cells"""?. Inversely, OX40 on regulatory T cells
(Tregs) has been reported to inhibit degranulation of
mast cells and allergic reaction through interaction
with OX40L on mast cells!"’!. Moreover, mast cells
with PD-1 expression directly contact with immature
dendritic cells (DCs) with PD-L1 expression, and
induce tolerogenic indoleamne-2,3-deoxoygenase
expressing DC!',

Besides these diverse functions of mast cells, re-
cent studies have shown their anti-inflammatory and
tolerogenic effects through the production of anti-
inflammatory cytokine such as IL-10 and TGF-B and
direct interaction with Tregs and DCs.

On the basis of these diverse immunological effects,
the involvement of mast cells has been reported in
autoimmune diseases and malignancies. Direct data
clarifying their involvement have been reported in
several autoimmune diseases such as bullous pem-
phigoid, theumatoid arthritis, and multiple sclerosis
in human and experimental model*®. In rheumatoid
arthritis patients, an increased number of mast cells and
degranulated mast cells were observed in synovial
tissue, and mast cell-derived mediators were shown
in synovial fluid"”. In a rheumatoid arthritis model
mice, K/BXN mice, administration of their serum-
induced arthritis in control mice, but did not induce
arthritis in mast cell-deficient Kif"”"" mice!'®. Some
reports proposed the importance of FcyRIII on
mast cells'”, IL-1 production by mast cells'*), and
synovial membrane-derived 1L-33 with the IL-33
receptor (ST2) on mast cells'"” in rheumatoid arthritis
model. Though in most of these earlier studies, KIT-
dependent mast cell-deficient mice were studied, these
mice have immunological abnormalities other than
mast cell deficiency. Recently, KIT-independent mice
with specific mast cell-deficiency and fewer other
immunologic abnormalities have been frequently
studied by applying the gene recombination technique
targeting a gene specifically expressed by mast
cells™”. In the experiment using autoimmune disease
models prepared with these genetically modified mice,
mast cell deficiency did not influence the disease in
antibody-mediated rheumatoid arthritis or T cell-
mediated experimental autoimmune encephalomyelitis
model™", but it is necessary to investigate whether
similar findings are obtained in humans and other
model mice.
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Compared with the diseases described above,
knowledge of the role of mast cells in the other
collagen diseases is limited. The roles of mast cells
in systemic lupus erythematosus (SLE), systemic
sclerosis (SSc), dermatomyositis”>*"', and Sjogren’s
syndrome"*” have been reported. The roles of mast
cells in SLE and SSc are described below.

Mast cells in systemic lupus erythematosus

SLE is the major collagen disease, which affects
diverse organs including kidney, skin and central
nervous system. The individual susceptibilities and
environmental factors are involved in the development
of SLE. Multiple organ damages are closely associa-
ted with loss of tolerance and characteristic auto-
antibody production. This abnormality in immune
system results from defective clearance of immune
complexes and biological waste, nucleic acid sensing,
and interferon production pathway. Various immune
cells such as T cells, B cells, dendritic cells and neu-
trophils are the major cell types involved in SLE.
The involvement of mast cells in SLE has been in-
vestigated mainly for renal lesions (Table 1). In
normal human kidney, only a few mast cells are
present preferentially in the interstitial space™™. In
lupus nephritis, the number of mast cells increases
also in the renal tubule-interstitial area””. The num-
ber of renal mast cells is correlated with renal fi-
brosis development””” and differed between classes
of lupus nephritis”. In pristine-induced ex-
perimental lupus nephritis model with mast cell-
deficient Kit"”""”" mice, the development of humoral
autoimmunity, such as hypergammaglobulinemia
and autoantibodies, was comparable to their wild-
type counterparts’”®). However, in the absence of
mast cell, diffuse proliferative glomerulonephritis
was more frequently observed compared to wild-
type mice. These findings indicated that mast cells
were dispensable in the development of humoral
autoimmunity, but had limited inhibitory effects for
lupus nephritis in this study.

Further investigations are still required for this
issue. Clear mechanism and signaling by which
mast cells caused lupus nephritis have not been elu-
cidated. Firstly, the involvement of mast cells may
not be specific for autoimmune renal disease. Be-
cause besides lupus nephritis, the involvement of
mast cells in renal inflammation and fibrosis has been
reported in various kidney diseases including diabetic
nephropathy™. Secondarily, some studies in human
and mice showed no correlation between mast cell
and lupus nephritis. In human, no clear correlation
was observed between the number of mast cells and
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Table 1. The involvement of mast cells in SLE.

MC
depletion

Role of mast

Species cell

Lupus model

Organ

Findings References

Human Not defined

Kidney

The number of MCs increased in
tubule-interstitial area of LN.

The number of MCs correlated with
the classes of LN.

The number of MCs correlated with
renal fibrosis in LN.

The number of MCs did not correlate
with the severity of LN.

Skin

MCs preferentially infiltrated
in reticular dermis and peri-
pilosebaceous in CLE

Suppressive

Kidney

MCs deficiency increases the
severity of lupus nephritis partially.

Pristine-

g Kl-tW/VlLV
induced

No effect

Humoral immunity

MCs deficiency has no effect on (28]

hypergammaglobulinemia and
autoantibodies.

Lyn Ki tW-sh/ W-sh

Kidney

MCs deficiency has no effect on
lupus nephritis.

spontaneous No effect

SLE model

Humoral immunity

[31]
MCs deficiency has no effect on
autoantibodies and ANA.

Mouse Suppressive

Skin

MCs suppress the development of
skin lesions.

MRL/lpr

spontaneous Promotive

. W-sh/W-sh
Kit"™

Kidney

MCs exacebrated the degree of
proteinuria.

SLE model

Various

Others

MCs improved survival rate, but
exacebrated serum ds-DNA antibody
level.

B6/Ipr

Kidney

MCs exacebrated the degree of
proteinuria

spontaneous | Kit"*""" No effect

SLE model

Humoral immunity

MCs improve survival rate, but
exacebrated serum ds-DNA antibody
level.

Abbreviation: MC: mast cell; LN: lupus nephritis; SLE: systemic lupus erythematosus; ANA: antinuclear antibodies

lupus nephritis severity””. Src family protein kinase
Lyn-deficient mice develop a strong and constitutive
Th2 skewing in early life and an autoimmune disease
similar to SLE such as production of autoantibodies
and lupus-like nephritis in late life. Lyn” mice
deficient in mast cells, Kit"*""*"; Lyn” mice, ex-
hibited comparable severity of lupus nephritis
to those in Lyn” mice, so lupus-like nephritis was
independent of mast cells in Lyn mice”". In this study,
basophils activated by IgE autoantibodies promoted
autoantibody production and resulted in lupus-like
nephritis.

Skin is exposed to several external agents including
pathogens and allergens. Skin is the resident tissue of
mast cells, which involved in the cutaneous immunity
and diseases. Most of the collagen diseases including
SLE also affects skin, but the role of mast cells in
skin lesions of lupus patients remains unclear. Thus,
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we have investigated the role of mast cells in LE,
especially focused on the skin lesions. In skin lesions
of lupus patients, mast cells abundantly infiltrated
mainly the reticular layer of the dermis and around
pilosebaceous™”. Moreover, we used MRL/Ipr mice
as SLE model to investigate lupus skin lesions.
MRL/Ipr mice are characterized by dysregulated
apoptosis due to homozygous /pr mutation in the
Fas gene. MRL/lpr mice produce autoantibodies
including anti-nuclear antibodies and anti-ds DNA
antibodies. These mice develop lupus nephritis and
lupus dermatitis-like skin lesions with immune
complexes deposition. Lupus dermatitis-like skin
lesions in MRL/Ipr mice exhibit immunoglobulin
deposition in the epidermis-dermis boundary similar
to human cutaneous lupus erythematosus, infiltration
of many mast cells in the dermis”” and abnormal
histamine metabolism”*. These findings implicate
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the involvement of mast cell in the skin lesions of
MRL/Ipr mice. Hence, we generated MRL/Ipr mice
deficient in mast cells, MRL/lpr-Kif"*""*" mice, and
analyzed autoimmune features and symptoms"”.,
MRL/Ipr-Kit"*""*" mice also developed lupus
dermatitis-like skin lesions similar to those in control
MRL/lpr mice with mast cells. Histologically, the
degree of infiltrating inflammatory cells such as T
cell, macrophage, and neutrophils were comparable
among MRL/Ipr-Kit"*""*" and control MRL/lpr
mice. However, skin lesions in MRL/Ipr-Kit” """
mice occurred earlier, and their age-matched severity
scores were higher than those in control MRL/lpr
mice. Moreover, MRL/lpr-Kit"*""*" mice showed
higher mRNA expression of various inflammatory
cytokines such as IL-1a, IL-2, IL-4, IL-10, IL-33 and
TGF-B in the dorsal skin. Systemically, survival rate,
serum anti-ds-DNA antibodies levels and proteinuria
in MRL/Ipr-Kit"*""*" mice were lower than those in
control MRL/Ipr mice. These results indicated that
mast cells played some protective roles in LE-like
autoimmune symptoms, especially skin lesions and
except for survival rate, of MRL/lpr mice.

Nevertheless, van Nieuwenhuijze et al. reported
the inconsistent results concerning the role of mast
cells in SLEP®. They used lupus C57B16(B6)™"" mice
as lupus model, which exhibit lymphoproliferation,
production of autoantibodies, and lupus-like ne-
phritis, but their phonotype is somewhat milder
than MRL/Ipr. B6™""-Kif"""*" mice did not change
autoantibody production, proteinuria, the composition
of T and B cell or autoimmune pathology, except
for minor findings such as enhanced splenomegaly
and reduced IL-4 production by CD4" T cell. They
concluded that mast cell deficiency did not affect
Ipr-induced systemic autoimmunity similar to SLE.
As SLE patients in human are relatively hetero-
geneous group, the different results by mice strains
may result from genetic background. Anyway, most
studies could not indicate the effect on the level of
autoantibody. Mast cells involve in local inflamma-
tion and tissue damage in the targeted organ rather
than the development of autoimmunity including
production of autoantibodies.

Mast cells in systemic sclerosis

SSc is another autoimmune connective tissue
disease characterized by tissue fibrosis and micro-
angiopathy. SSc affects many internal organs such
as the gastrointestinal tract, lungs, kidneys, and
heart. Skin symptoms include scleroderma by skin
fibrosis, digital ulcer and Raynaud’s phenomenon
by microanigopathy. These skin symptoms generally
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appear early in clinical course and are important as
diagnostic criteria. Mast cells are closely associated
with fibroblasts involved in tissue fibrosis. Moreover,
mast cells produce and release mediators such as
TGF-B and tryptase, which promote tissue fibrosis.
The involvement of mast cells has been investigated
in several lung, kidney, and heart diseases with tissue
fibrosis. Some studies also investigated the role of
mast cells in SSc characterized by tissue fibrosis.
In SSc patients, mast cells significantly increase in
skin lesions of the forearm and fingers"”, and have
also been reported to be one of the main sources
of TGF-B”" (Table 2). Tyrosine kinase inhibitor,
imatinib mesylate, which inhibits the downstream
of TGF-B and PDGF signaling, candidate for the
treatment of SSc™”*”. Imatinib mesylate also inhibits
the growth of cells with KIT receptor. Mast cells
also express KIT receptor, so imatinib may have
partially effect on mast cells in the treatment for
SSc. Moreover, some reports described SSc cases
associated mastocytosis, which is the proliferative
disease in the mast cell compartment''**).

In SSc model mice, bleomycin-induced sclero-
derma model™ and tight skin mice*", mast cells
increase in the skin, similarly to those in humans.
Moreover, chymase inhibitor alleviated skin fibrosis
in tight skin mice'™. However, in the bleomycin-
induced scleroderma experiments with mast cell-
deficient Kit"""" mice® and gene-modified
Mcpt5Cre/iDTR mice*” scleroderma was induced
regardless of the presence or absence of mast cells.
These findings suggest that the involvement of
mast cells is limited, and further investigation using
different models is necessary.

Conclusion

The involvement of mast cells in collagen diseases,
especially SLE and SSc, has been investigated, but
evidence is still insufficient and controversial. Taken
together, mast cells involve in local inflammation
and tissue damage in the targeted organ or local
immunosuppression rather than the development of
autoimmunity including production of autoantibodies.

Though corticosteroids and immune-suppressive
agents are still therapeutic mainstay for various auto-
immune diseases, side effects of these agents are
occasionally problematic. New insights into patho-
genesis of collagen diseases have contributed to new
targeted therapy, such as B-cell targeted therapy for
SLE or SSc***”). There are no drugs solely targeted
mast cells, but some therapeutic agents suppress the
function of mast cells. As mentioned above, some
pharmacological agents associated mast cells are
effective in human and mouse collagen diseases.
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Table 2. The involvement of mast cells in SSc.

Species SSc model MC depletion | Role of mast cell | Organ Findings References
Dermal MC density in fingers
Not defined ) correlated with severity of skin [37]
Human - - Skin | sclerosis.
Promotive Skin MCs are a source of TGF-p. [38]
The number of dermal MCs
- Not defined Skin | gradulally increased as the skin [46]

sclerotic changes developed.

Bleomycin-induced

The MC deficiency did not affect
the development of skin fibrosis

- WIW-V .

Kit No effect Skin but the onset of skin fibrosis was [43]

delayed in mice without MCs.

Mouse The number of cutaneous MC
K™ was correlated with development [44]

Tight skin mouse Promotive Skin | of fibrosis in old mice.
_ Chymase inhibitor attenuated [45]
fibrous proliferation.

Bleomycin-induced | Mcpi5Cre/iDIR | No effect Skin | the MC deficiency did not affect | )

the development of skin fibrosis.

Abbreviation: MC: mast cell; SSc: systemic sclerosis; TGF-f: transforming growth factor-§

Through KIT receptors, imatinib may exert some
beneficial effects on mast cells for SSc treatment.
The effectiveness of chymase inhibitor for SSc
model mice is prospective data for human SSc
treatment. Moreover, further knowledge of mast cell
involvement in collagen disease may lead to new

treatment targeting mast cells”™"".
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