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IgG4-related disease is a systemic disorder with unique clinicopathological features and uncertain etiological

features and is frequently related to allergic disease. T helper 2 and regulatory T-cell cytokines have been

reported to be upregulated in the affected tissues; thus, the production of these cytokines by T helper 2 and

regulatory T cells has been suggested as an important factor in the pathogenesis of IgG4-related disease.

However, it is not yet clear which cells produce these cytokines in IgG4-related disease, and some aspects of

the disorder cannot be completely explained by T-cell-related processes. To address this, we analyzed paraffin-

embedded sections of tissues from nine cases of IgG4-related submandibular gland disease, five cases of

submandibular sialolithiasis, and six cases of normal submandibular gland in order to identify potential key

players in the pathogenesis of IgG4-related disease. Real-time polymerase chain reaction analysis confirmed

the significant upregulation of interleukin (IL)4, IL10, and transforming growth factor beta 1 (TGFb1) in IgG4-

related disease. Interestingly, immunohistochemical studies indicated the presence of mast cells expressing

these cytokines in diseased tissues. In addition, dual immunofluorescence assays identified cells that were

double-positive for each cytokine and for KIT, which is expressed by mast cells. In contrast, the distribution of

T cells did not correlate with cytokine distribution in affected tissues. We also found that the mast cells were

strongly positive for IgE. This observation supports the hypothesis that mast cells are involved in IgG4-related

disease, as mast cells are known to be closely related to allergic reactions and are activated in the presence of

elevated non-specific IgE levels. In conclusion, our results indicate that mast cells produce T helper 2 and

regulatory T-cell cytokines in tissues affected by IgG4-related disease and possibly have an important role in

disease pathogenesis.
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IgG4-related disease has recently been recognized
as a clinical entity with unique clinicopatho-
logical features that can affect systemic organs.1–4

Histological examination of IgG4-related disease has
shown diffuse lymphoplasmacytic infiltration,
interstitial fibrosis, obliterative phlebitis, and eosi-
nophilic infiltration. Additionally, numerous IgG4-
positive plasma cells are observed and the IgG4-
positive/IgG-positive cell ratio is elevated above
40% in affected tissues. It has been suggested that
these distinctive features are caused by the T helper
2 cell cytokines interleukin (IL)4 and IL5 and the
regulatory T-cell cytokines IL10 and transforming
growth factor beta 1 (TGFb1).5,6 These cytokines are
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upregulated in the tissues affected by IgG4-related
disease, where IL4 and IL10 are thought to stimulate
B cells and plasma cells to induce lymphoplasma-
cytic infiltration and IgE and IgG4 production,
whereas TGFb1 is thought to induce interstitial
fibrosis. On the basis of these observations, T helper
2 and regulatory T cells have been considered to
have a key role in the pathogenesis of IgG4-related
disease. However, it has not been definitively deter-
mined whether these T cells are actually responsible
for the production of such cytokines in affected
tissues. Moreover, the hypothesis that T cells
produce the disease-related cytokines does not
explain why an anti-CD20 monoclonal antibody,
rituximab, would be effective in treating refractory
IgG4-related disease patients.7

An alternative to the T-cell hypothesis is the
involvement of mast cells in IgG4-related disease.
Mast cells were first found to release histamine
granules in immediate hypersensitivity reactions;
however, recent research has revealed that mast
cells are involved in a variety of immune responses,
including host defense, immune regulation, allergy,
chronic inflammation, and autoimmune disease.8 In
response to IgE stimulation, mast cells secrete
various mediators, including T helper 2 cytokines
and regulatory cytokines.9 Non-specific IgE alone
can induce cytokine secretion independent of any
antigen.10 As IgG4-related disease is frequently com-
plicated with allergic disease and accompanied by
elevation of serum IgE levels, we hypothesized that
mast cells may be involved in the pathogenesis of
IgG4-related disease.

Materials and methods

Samples

Tissue samples from nine cases of submandibular
gland IgG4-related disease were obtained. The serum
IgG4 levels were elevated in all nine cases. Samples
from five cases of submandibular sialolithiasis and
six cases of normal submandibular glands which
were resected during treatment for oral cancer were
obtained and used as disease controls. Formalin-
fixed paraffin-embedded specimens were used for
immunohistochemistry, dual immunofluorescence,
RNA extraction, and real-time polymerase chain
reaction (PCR) analysis. All samples were obtained
with the approval of the Institutional Review Board
at Okayama University.

Real-Time Quantitative PCR

Total RNA was extracted from the paraffin-embedded
sections of all samples by using an miRNeasy FFPE
Kit (QIAGEN, Valencia, CA, USA). Complementary
DNA was prepared by reverse transcription PCR by
using a SuperScript VILO MasterMix kit (Invitrogen,
Carlsbad, CA, USA). Multiplex real-time PCR was

performed for quantitative analysis, according to the
standard protocol by using Taqman Gene Expression
Assays (Applied Biosystems, Foster City, CA, USA)
and a Step One Plus Real-Time PCR System
(Applied Biosystems). Specific primers and probes
for TGFb1, IL4, IL5, IL10, and b-actin were obtained
from Applied Biosystems. The PCR cycling condi-
tions were as follows: 30 s at 95 1C and 50 cycles of
5 s at 95 1C, and 30 s at 60 1C. The expression of each
cytokine was normalized to that of b-actin, which
was used as an endogenous control.

Histological Examination and Immunohistochemistry

All of the diseased and normal tissue samples used
in this study were surgically resected specimens of
submandibular glands. The specimens were fixed in
10% formaldehyde and embedded in paraffin. Serial
4-mm-thick sections were cut from the block of
paraffin-embedded tissue and stained with hema-
toxylin and eosin (H&E). The sections were immu-
nohistochemically stained using an automated Bond
Max stainer (Leica Biosystems, Melbourne, Ger-
many). The following primary antibodies were used:
TGFb1 (ab49754; 1:100; Novocastra, Newcastle,
UK), IL4 (orb22602; 1:400; Biorbit, Cambridge,
UK), IL5 (MAB605; 1:400; R&D, Minneapolis, MN,
USA), IL10 (orb22606; 1:100; Biorbit), KIT/CD117
(YR145; 1:100; EPITOMICS, Burlingame, CA, USA),
IgG (polyclonal; 1:20 000; Dako, Glostrup, Denmark),
IgG4 (HP6025; 1:10000; The Binding Site, Birming-
ham, UK), forkhead box P3 (FOXP3) (236A/E7;
1:100; Abcam, Cambridge, UK), CD4 (1F6; 1:40;
Nichirei, Tokyo, Japan), and IgE (A094; 1:500; Dako).

Following immunostaining, the number of IgG4-
positive and IgG-positive cells was estimated in
areas with the highest density of IgG4-positive cells.
In accordance with the consensus statement on the
pathological features of IgG4-related disease pub-
lished in 2012,2 three different high-power fields
(HPFs) (eyepiece, � 10; lens, � 40) were examined
to calculate the average number of IgG4-positive
cells per HPFs and the IgG4-positive/IgG-positive
cell ratio. Cells that were positive for each cytokine,
KIT, FOXP3, and IgE were counted in the three dif-
ferent fields (eyepiece, � 10; lens, � 20) determined
to have the highest density of positive cells. The average
number of positive cells per square millimeter
(mm2) was calculated.

Dual Immunofluorescence Assays

For indirect dual immunofluorescence assays,
paraffin sections were stained with the primary
antibodies for KIT and TGFb1, KIT and IL4, KIT and
IL5, or KIT and IL10. Fluorescein isothiocyanate
(FITC)-conjugated secondary antibodies (Alexa
Fluor anti-mouse 555 and Alexa Fluor anti-rabbit
488; both Invitrogen Co, Carlsbad, CA, USA) were
used at a dilution of 1:400. The stained specimens
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were examined with a conventional immunofluor-
escence microscope (IX71; Olympus, Tokyo, Japan).

Statistical Analysis

Data are presented as mean±s.d. values. All stati-
stical analyses were performed using the Mann–
Whitney U-test with the SPSS software (version
14.0; SPSS Inc., Chicago, IL, USA). A probability
of Po0.05 was considered to be statistically
significant.

Results

Confirmation of Histological Diagnosis in IgG4-
Related Disease

We confirmed that the tissue specimens from all
nine cases of submandibular gland IgG4-related
disease showed typical histological features of
IgG4-related disease, such as lymphoplasmacytic
infiltration and dense fibrosis. Additionally, in all
cases, numerous IgG4-positive cells were observed
and the IgG4-positive/IgG-positive cell ratio was
440%.

Histological Findings of Sialolithiasis

The specimens showed lymphoid follicle formation
and moderate to severe infiltration of lymphocytes
and plasma cells as well as various numbers of
neutrophils with various degree of fibrosis. Some
specimens included salivary calculus (Figure 1a).

Elevated Expression of Cytokines in IgG4-Related
Disease

The expression of T helper 2 cell cytokines (IL4 and
IL5) and regulatory T-cell cytokines (IL10 and
TGFb1) was examined in samples from the nine
cases of IgG4-related disease, five cases of sialo-
lithiasis, and six cases of normal submandibular
gland. The expression of the IL4, IL5, IL10, and
TGFb1 cytokines and the b-actin control in these
samples was quantitatively analyzed by real-time
PCR. As shown in Figure 1, IgG4-related disease
exhibited significantly higher expression ratios of
IL4/b-actin (31.9±12.1-fold higher), IL10/b-actin
(21.0±15.7-fold higher), and TGFb1/b-actin (28.6±
23.3-fold higher) than sialolithiasis and normal
submandibular gland (Po0.05). In contrast, no
significant difference was observed between the
IL5/b-actin ratio in IgG4-related disease (0.606±
1.13) and those in sialolithiasis (0.119±0.07) and
normal submandibular gland (0.462±0.369)
(Figure 1b).

Next, the real-time PCR results were supported via
immunostaining of cells by using primary antibo-
dies against IL4, IL5, IL10, and TGFb1 (Figure 2a).

The number of IL4-positive cells was signifi-
cantly higher in IgG4-related disease (4.04±
3.12 cells/mm2) than in submandibular sialolithiasis
(0.136±0.186 cells/mm2; Po0.01) and the normal
submandibular gland (0.230±0.356 cells/mm2;
Po0.01) (Figure 2b). Similarly, many IL10-positive
cells were observed in IgG4-related disease (3.40±
1.84 cells/mm2), whereas the submandibular sialo-
lithiasis and normal submandibular gland contained
few IL10-positive cells (0.342±0.484 cells/mm2,
Po0.01; 0.226±0.277 cells/mm2, Po0.01, respec-
tively) (Figure 2b). TGFb1-positive cells were also
more abundant in IgG4-related disease (4.29±
2.37 cells/mm2) than in the submandibular sialo-
lithiasis (1.51±1.11 cells/mm2; Po0.05) and normal
submandibular gland (0.626±0.548 cells/mm2;
Po0.01) (Figure 2b). Furthermore, we observed that
TGFb1-positive cells tended to infiltrate fibrous
lesions.

In IgG4-related disease and control groups, the
number of IL5-positive cells was much less than that
of the other cytokines examined. No significant differ-
ences were observed between the number of IL5-
positive cells in IgG4-related disease tissue (1.58±
1.44 cells/mm2), sialolithiasis (0.838±0.531 cells/
mm2; P¼ 0.450), and normal submandibular gland
tissue (0.811±0.290 cells/mm2; P¼ 0.332) (Figure 2b).

Increased Density and Cytokine-Related Distribution
of Mast Cells in IgG4-Related Disease

We compared the number of mast cells in the IgG4-
related disease and control groups via immunostain-
ing by using an antibody for KIT, which is a marker
for mast cells. The number of KIT-positive mast cells
was higher in IgG4-related disease (72.2±24.5 cells/
mm2) than in the normal submandibular gland
(30.0±11.9 cells/mm2; Po0.01) (Figure 3). However,
no significant difference was observed between the
number of mast cells in the IgG4-related disease and
the submandibular sialolithiasis (177±269 cells/
mm2; P¼ 0.73) (Figure 3). Interestingly, the morpho-
logical features and distribution of the mast cells
were similar to those of the T helper 2 (IL4 and IL5)
or regulatory T-cell (IL10 and TGFb1) cytokine-
positive cells. Furthermore, dual immunofluores-
cence assays showed that KIT-positive mast cells
were also positive for each of the IL4, IL5, IL10,
and TGFb1 cytokines (Figure 4). Additionally,
although only a small number of IL5-positive cells
was detected in the immunohistochemical experi-
ments, these cells also exhibited KIT coexpression
(Figure 4).

T-Cell Distribution in IgG4-Related Disease and
Control Groups

To assess the number and distribution of T cells, we
performed immunostaining assays with an antibody
against FOXP3, which is a regulatory T-cell marker.
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Figure 1 Histological findings and real-time PCR analysis of cytokine expression in IgG4-related disease and control groups. (a) IgG4-
related submandibular disease showed dense lymphoplasmacytic infiltration with lymphoid follicle (hematoxylin and eosin, H&E, left).
Sialolithiasis revealed moderate to severe lymphoplasmacytic infiltration with lymphoid follicle and calculus (H&E, center). Normal
submandibular gland (H&E, right). (b) The histograms show the relative quantity of mRNA of the cytokines. The expression ratio of
interleukin 4 (IL4)/b-actin, IL10/b-actin, and transforming growth factor beta 1 (TGFb1(/b-actin were significantly higher in IgG4-related
submandibular gland disease than in submandibular sialolithiasis and normal submandibular gland. The expression ratio of IL5/b-actin
was low in all tissues and was not significantly different between the IgG4-related disease and control groups. (IgG4RD, submandibular
IgG4-related disease; sialolithiasis, submandibular sialolithiasis; normal; normal submandibular gland).
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Figure 2 Immunohistochemical analysis of cytokine-expressing cells in IgG4-related disease and control groups. (a) Cells stained with
antibodies against the indicated cytokines. (b) The number of cells positive for interleukin 4 (IL4), IL10, and transforming growth factor
beta 1 (TGFb1) were counted per mm2 and significantly larger in IgG4-related disease than in the control groups. Consistent with the
results of real-time PCR, the number of IL5-positive cells in IgG4-related disease was lesser than those of other cytokines, and no
significant difference was observed between the IgG4-related disease and control groups (*Po0.01, **Po0.05). (IgG4RD, submandibular
IgG4-related disease; sialolithiasis, submandibular sialolithiasis; normal; normal submandibular gland).
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The number of FOXP3-positive lymphocytes was
significantly greater in the submandibular gland
IgG4-related disease (834±284 cells/mm2) than in
submandibular sialolithiasis (435±330 cells/mm2;
Po0.05) and normal submandibular gland (51.2±
33.5 cells/mm2; Po0.01) (Figure 5). However, the

distribution of FOXP3-positive cells was different
from that of cytokine-positive cells, and no FOXP3/
cytokine double-positive cells were observed in dual
immunostaining assays (Figure 6). Additionally, we
observed that the distribution of CD4-positive
lymphocytes was similar to that of FOXP3-positive

Figure 3 The number of KIT-positive mast cells in IgG4-related
disease and control groups. Positive cells were counted per mm2.
(*Po0.01; IgG4RD, submandibular IgG4-related disease; sialo-
lithiasis, submandibular sialolithiasis; normal; normal subman-
dibular gland).

Figure 4 Dual fluorescent analysis of KIT-positive mast cells and cytokine-positive cells in IgG4-related submandibular gland disease.
Compared with the results for normal submandibular gland, the number of KIT-positive cells (middle row) was significantly higher in
IgG4-related disease and sialolithiasis, and there was no significant difference between these two groups in this regard. Immunostaining
for each cytokine (top row) revealed strong cytoplasmic positivity. Positive cells were morphologically similar to mast cells. Dual
fluorescent immunostaining detected many positive cells for each cytokine and KIT. The merged image (bottom row) demonstrated
double-positive cells for KIT and interleukin 4 (IL4), IL5, IL10, and TGFb1.

Figure 5 The number of FOXP3-positive lymphocytes. Positive
cells were counted per mm2. (*Po0.01, **Po0.05; gG4RD,
submandibular IgG4-related disease; sialolithiasis, submandibu-
lar sialolithiasis; normal; normal submandibular gland).
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cells, and CD4-positive cell distribution did not
correlate with cytokine-positive cell distribution.
Moreover, no double-positive cells were observed
upon double-immunostaining for each of the cyto-
kines with CD4.

Staining Pattern of IgE in Mast Cells of IgG4-Related
Disease

In IgG4-related disease and control groups tested, a
high number of mast cells were positive for IgE with
varying density and intensity. As is typical for IgE
immunostaining, IgE was observed to be weakly-to-
moderately expressed on cell surface membranes
(Figure 7a). No significant differences were observed
in the number of surface membrane IgE-positive
cells among the IgG4-related disease and control
groups. However, the IgG4-related disease contained
a large number of mast cells that were strongly
positive for cytoplasmic IgE (Figure 7a). The
distribution of the strongly cytoplasmic IgE-positive
cells correlated with KIT expression, and the
membranous colocalization of IgE and KIT was
confirmed by dual immunofluorescence (Figure 7b).

The number of strongly cytoplasmic IgE-positive
cells was significantly greater in IgG4-related dis-
ease (7.19±5.11 cells/mm2) than in sialolithiasis
(0.068±0.15 cells/mm2; Po0.01) and normal
(0.45±0.51 cells/mm2; Po0.01) control tissues
(Figure 7c).

Discussion

In this study, we confirmed the upregulation of T
helper 2 (IL4) and regulatory T-cell (IL10 and
TGFb1) cytokines in the paraffin-embedded tissue
of the submandibular gland IgG4-related disease by

real-time PCR. Upregulation of IL5 was not observed
in this study, which is similar to previously publi-
shed data on real-time PCR for paraffin-embedded
tissue samples for IgG4-related disease.11 Interestingly,
our immunohistochemical studies detected a large
number of mast cells expressing T helper 2 (IL4) and
regulatory T-cell (IL10 and TGFb1) cytokines in the
submandibular gland IgG4-related disease, whereas
this was not the case for the control groups. Notably,
although the overall number of mast cells was
similar among the samples of submandibular gland
IgG4-related disease, submandibular sialolithiasis,
and normal submandibular gland, the IgG4-related
disease contained significantly more cytokine-
expressing mast cells. Furthermore, interestingly,
our immunohistochemical experiments provided no
evidence that T cells were producing the upregu-
lated cytokines. In our study, we considered FOXP3-
positive cells to be regulatory T cells, as FOXP3 is
considered to be a specific marker of regulatory
T cells, although a minor amount of effector T cells
can exhibit transient expression of FOXP3.12–14

It has been suggested that T helper 2 and regula-
tory T cells are most important in the pathogenesis
of IgG4-related disease. Although we did find that
the number of FOXP3-positive regulatory T cells was
significantly increased in IgG4-related disease in our
study, we did not find any evidence that the FOXP3-
positive regulatory T cells produced regulatory
cytokines. Thus, our results do not support the
hypothesis that T cells express the cytokines asso-
ciated with IgG4-related disease; rather, our data
indicate that mast cells are the source of these
upregulated cytokines. However, a close relation-
ship between regulatory T cells and mast cells has
been reported, and TGFb1 has been shown to
promote differentiation of naive T cells to regula-
tory T cells.15 Therefore, we hypothesized that the
upregulated mast cells produce TGFb1, which
secondarily promotes the differentiation of naı̈ve
T cells to regulatory T cells in the tissue affected.

We observed that mast cells in IgG4-related
disease were strongly positive for IgE. This result
suggests that IgE is associated with the pathogenesis
of IgG4-related disease. Consistent with this notion,
patients with IgG4-related disease frequently have
an allergic background, such as allergic rhinitis,
bronchial asthma, and atopic dermatitis. In addi-
tion, patients with this disease typically show
elevated serum IgE levels as well as elevated IgG4
levels.16 IgE is a key stimulator of mast cells, and the
mechanism underlying IgE stimulation of mast cells
to induce various immunological cascades has been
extensively studied. Notably, chronic elevation of
antigen-independent, non-specific IgE upregulates
the high-affinity IgE receptor, FceRI, on mast cells,
which inhibits mast cell apoptosis and promotes
cytokine production.17 Our observation that mast
cells in IgG4-related disease were strongly positive
for IgE supports the idea that IgE-mediated stimula-
tion of mast cells may have a role in the

Figure 6 Dual immunostaining of transforming growth factor beta
1 (TGFb1) and FOXP3. The distribution of TGFb1- and FOXP3-
positive cells were different (TGFb1/brown, FOXP3/red).
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Figure 7 IgE expression in mast cells. (a) In IgG4-related disease, mast cells showed strong cytoplasmic positivity for IgE. In contrast,
mast cells in sialolithiasis and normal submandibular gland showed only moderate-to-weak IgE positivity and membranous localization.
(b) Colocalization of IgE- and KIT-positive cells was confirmed by dual immunofluorescence (IgE/red, KIT/green). (c) The number of
strongly cytoplasmic IgE-positive cells was counted per mm2 and was significantly different between the IgG4-related disease and control
groups. (*Po0.01) (IgG4RD, submandibular IgG4-related disease; sialolithiasis, submandibular sialolithiasis; normal; normal
submandibular gland).
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pathogenesis of IgG4-related disease. However, it
remains to be determined why the IgE in these cells
was localized to the cytoplasm. Previous studies
have shown that the number of FceRI receptors on
mast cells greatly increases in the presence of
elevated serum IgE levels.18 Thus, it is possible
that what appeared to be cytoplasmic localization of
IgE in our immunostaining experiments may have
actually been the result of very high levels of
membrane-associated IgE. However, a few reports
have suggested that antigen cross-linking could lead
to the aggregation and internalization of FceRI. In
particular, IgE was detected in the cytoplasm of mast
cells as a result of the internalization and endocytosis
of FceRI.19 These data suggest that the continuous
upregulation of mast cells might result in
endocytosis-mediated cytoplasmic accumulation of
IgE. However, this hypothesis should be based on
the existence of certain antigens, and the role of
internalization of FceRI remains controversial.

Steroid therapy has been the first choice of
medication for IgG4-related disease. However, a
recent study reported a case of IgG4-related disease
that regressed after treatment with an antihistamine
agent (epinastine hydrochloride) alone, which in-
dicates an allergic background to the disease and
may indirectly suggest the involvement of mast
cells.20 The in vitro effects of antihistamines on the
inhibition of mediator release from mast cells have
been reported.21 Moreover, an in vitro study of
human conjunctival mast cells revealed that epina-
stine inhibited mast cell secretion of cytokines,
including IL10.22 However, it remains unclear why
antihistamines inhibit cytokine secretion, although
H1 antagonism seems unrelated.

Rituximab is another treatment currently being
used for refractory cases of IgG4-related disease.
Rituximab therapy has been reported to produce
rapid regression in refractory patients.23 Addi-
tionally, rituximab therapy was found to induce
regression of symptoms with a decrease in serum IgE
levels,24 and the concentration of IgE showed a
steeper decline than serum IgG4 levels. These results
provide additional evidence that the allergic reaction
mediated by IgE is an important factor in the
regulation of IgG4-related disease.

Hyper-IgE syndrome is a complex immunodefi-
ciency characterized by atopic dermatitis associated
with extremely high serum IgE levels and suscept-
ibility to infections with extracellular bacteria.25

Despite the continuously elevated serum IgE level,
hyper-IgE syndrome shows clinical features that are
quite different from those of IgG4-related disease.
Furthermore, hyper-IgE syndrome has been linked
to mutations in signal transducer and activator of
transcription 3 (STAT3) and tyrosine kinase 2 (TYK2),
and to defective signal transduction pathways
involving multiple cytokines. In contrast to this
downregulation of cytokine signaling, IgG4-related
disease is associated with the upregulation of
multiple cytokine signals.

To our knowledge, this study provides the first
evidence relating mast cells to IgG4-related disease.
However, as mast cells are currently known as
powerful mediators of the immune response and
are closely related with allergic responses, the
involvement of mast cells in IgG4-related disease
seems logical. Moreover, mast cells have been
implicated in other inflammatory diseases. For
instance, it was reported that a large number of

Figure 8 Model for the pathogenesis of IgG4-related disease. Because of an allergic background with the elevation of non-specific IgE
levels, activated mast cells produce interleukin 4 (IL4), IL10, and transforming growth factor beta 1 (TGFb1), which induce the distinctive
features of IgG4-related disease. In addition, IL4 and IL10 themselves induce IgE production to upregulate mast cells, and TGFb1 induces
the transformation of naive T cells to regulatory T cells. The relationship between regulatory T cells and mast cells remains unclear.
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mast cells was observed in periductal and ductal
fibrosis in primary sclerosing cholangitis (PSC) and
chronic sclerosing sialadenitis, indicating that mast
cells might contribute to fibrosis.26,27 Mast cell
expression of IL10, as observed in our immunohisto-
chemical experiments, may affect mast cell
involvement in IgG4-related disease. IL10 is known
to be an anti-inflammatory cytokine that can
suppress acquired or innate immune responses.
Mast cell-derived IL10 has been reported to limit
contact dermatitis and chronic irradiation with
ultraviolet B.28 Similarly, in IgG4-related disease,
mast cell production of IL10 may prevent allergic
inflammation in the affected organs.

On the basis of results of our study and those of
previously published reports, we established a
hypothesis for the pathogenesis of IgG4-related
disease, which is summarized in Figure 8. Patients
with IgG4-related disease usually have an allergic
background with elevation of non-specific IgE
levels. This antigen-independent non-specific IgE
binds to FceRI on mast cells to promote the
production of T helper 2 (IL4) and regulatory T-cell
(IL10 and TGFb1) cytokines, which induce the
distinctive features of IgG4-related disease such as
lymphoplasmacytic infiltration, interstitial fibrosis,
and IgG4 production. In addition, IL4 and IL10
induce IgE production, which promotes the upre-
gulation of mast cells. Although it is possible that
regulatory T cells interact with mast cells, their
involvement in this process is uncertain and they
might be secondarily recruited to the affected tissue.
According to this scenario, rituximab might exert its
effects through the inhibition of IgE-production of
B-cells (Figure 8). This model is based on the major
finding of this study, which indicates that mast cells
have a key role in IgG4-related disease.
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