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levels of interleukin-4 in the parotid lesions of
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Background: Kimura disease (KD) is a systemic soft-tissue disease that leads to formation of painless masses in lymph nodes, with
the highest predilection for the head and neck and especially the parotid gland. KD lesions are characterized by marked eosinophil
infiltration, production of IgE and increased expression of T-helper type 2 (Th2) cytokines (interleukin [IL]-4, IL-5, etc.). Skewing
to a Th2 inflammation is also demonstrated in the peripheral blood, with elevated eosinophils and high IgE levels. It is thought
that basophils may play important roles in orchestrating this Th2 inflammation via Il-4 production leading to the induction of IgE
synthesis as well as eosinophil infiltration. However, there are no reports as yet on the role of basophils in KD.

Objective: The present study was performed to investigate the potential role of basophils in the pathogenesis of KD. In this
context we also examined the expression of IL-4 in basophils in the KD lesions.

Methods: By immunohistochemistry using a monoclonal antibody against a basophil marker ProMBP1 we investigated the
number and distribution of basophils in the KD lesions. By double immunohistochemistry we analyzed the colocalization of IL-4 in
basophils.

Results: There was an increased number of basophils infiltrating the KD parotid gland lesions as compared to that in normal
control parotid tissue. By double-immunofluorescence we found that approximately 7% of IL-4-positive cells in KD patients’ parotid
glands were basophils.

Conclusion: Basophils may also play a role in the pathogenesis of KD, leading to the induction of IgE synthesis and eosinophil
infiltration.
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INTRODUCTION

Kimura disease (KD) is a chronic inflammatory disease that
leads to formation of painless masses in soft tissues and lymph
nodes throughout the body [1]. The lesions are most common
in the head and neck and especially in the parotid gland, where
they are suggestive of tumors. The pathogenesis of KD remains
unclear. However, KD is characterized by elevated eosinophils
and high IgE levels in the peripheral blood, and infiltration of
the lesional sites by eosinophils, T-helper type 2 (Th2) cells and
mast cells. Th2 cytokines not only induce IgE synthesis, but also
upregulate CC chemokines, which can then lead to the infiltration
of eosinophils into the tissue. These inflammatory characteristics
are important in the pathogenesis of KD [2, 3].

Basophils are known to play a crucial role in IgE-mediated
allergic diseases through the release of inflammatory mediators
like interleukin (IL)-4 and IL-13 [4].

It is known that basophils produce IL-4, and that basophil-
derived IL-4 and CD40 ligand directly induce class switching to
IgE in B cells [5]. It is clear that Th2 cells play important roles in
allergic diseases, but I-4 is required for differentiation of naive
T cells into Th2 cells. Basophils have gained attention as sources
of IL-4, especially as cells involved in the initial production of IL-4
that is necessary for induction of differentiation into Th2 cells [6-8].
However, the role of basophils in regulating the Th2 inflammation
in KD, which is characterized by increased Igk production, Th2
cell and eosinophil infiltration, etc,, has not been investigated.

In order to better define the role of basophils in the
pathogenesis of KD, we investigated the presence and numbers
of basophils n KD, as well as the expression of IL-4.

MATERIALS AND METHODS

Subjects

The subjects and tissue specimens were the same as those
reported and employed in our earlier study [9]. Briefly, we
obtained parotid gland tissue specimens from 6 male patients
with KD (mean age + standard error of the mean, 345 £ 6.9
years). Control parotid gland tissue specimens were obtained
from 6 pleomorphic adenoma (nonneoplastic) surgical patients
(5 male, 1 female patient; 49.3 + 6.8 years). Some of the KD
patients also had coexisting atopic dermatitis and allergic rhinitis
(AR), while some of the control patients had coexisting AR. We
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performed histopathological and immunohistochemical analyses
of the parotid gland tissue specimens (polymer-immunocomplex
and double-immunofluorescence studies of buffered formalin
[10%]-fixed, paraffin-embedded materials). The Ethics Committee
of Tokyo Women's Medical University approved this study
(approval number: 2144), and all patients granted written
informed consent.

Histopathological analysis

Histopathological analyses were performed as described in
our earlier manuscript [9]. Briefly, haematoxylin and eosin staining
was performed to confirm the diagnosis of KD, while Congo red
staining was used to determine the eosinophil counts in the KD
and normal parotid glands.

Immunohistochemical analysis

The primary antibody employed in immunohistochemistry
was a mouse anti-human basophil marker ProMBP-1 mAb (Clone
No. J175-7D4; diluted 1:10; Bio-Legend, San Diego, CA, USA).

The detailed methods were as described in our earlier
manuscript [9]. Briefly, 3-m sections were cut from paraffin-
embedded tissue blocks were deparaffinized, rinsed in ethanol,
rehydrated, and rinsed in phosphate-buffered saline (PBS; pH,
7.6). Antigen retrieval was performed by microwaving sections
at pH 9.0 Tris-EDTA buffer (95°C, 400 W, 40 minutes). Nonspecific
antibody binding was inhibited by treating the sections with
5% skim milk in PBS for 10 minutes at room temperature.
Sections were subsequently incubated overnight at 4°C with
the primary antibody. Immunoreactivity was visualized by
the polymer immunocomplex method. The chromogen was
3,3-diaminobenzidine tetrahydrochloride, while hematoxylin
was used for counterstaining. A specific control was included in
each staining run. Mouse IgG1 (Clone DAK-GOT1, DAKO, Glostrup,
Copenhagen, DK) was used as a negative control.

Immunohistochemical identification of basophils as a
source of IL-4 by double-immunofluorescence

Sections were simultaneously incubated with a mixture of
the primary antibodies against IL-4 (diluted 1:20; Abnova Co.,
Taipei, Taiwan) and pro-form of major basic protein 1 (proMBP1),
followed by their respective secondary antibodies such as donkey
anti-rabbit IgG conjugated with Cy3TM (red signal; Jackson
ImmunoResearch Laboratories, West Grove, PA, USA) and donkey
anti-mouse IgG conjugated with Alexa Fluor488 (green signal;
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Molecular Probes, Eugene, OR, USA) (n = 6). Double-stained
sections were observed with a Nikon ECLIPSE TS100 fluorescence
microscope. A yellowish signal due to merging of red and green
signals was considered to be the result of colocalization of Il-4 in
basophils (identified by ProMBP1, a basophil cell marker).

Cell counting

Immunoreactive cells were counted in each of 10 randomly
selected areas of 0.0625 mm? per slide (i.e., one tissue
section) using an objective micrometer under an Olympus
light microscope at a magpnification of 400 high-power field
(HPF). The mean for 10 fields was used as the cell count for
that section. After double-immunofluorescence staining, the
proportion of cells immunoreactive for ProMBP1 among the cells
immunoreactive for Il-4 was determined in 10 randomly selected
areas per slide (i.e, one tissue section) at a magnification of 200
HPF with a Nikon ECLIPSE TS100 fluorescence microscope. Data
are presented as the median (range).

Statistics

The Mann-Whitney U-test was used for statistical analysis of
the immunohistochemical observations. A p value of less than
0.05 was considered statistically significant.

RESULTS

Subjects’ characteristics

The age ranges of the KD and control patients showed no
significant difference. The number of blood eosinophils (3,499.1/
L [1,207-8,628/uLl) (p < 0.01) in the KD patients was significantly
higher than that (82.5/ul [31-290/uL]) in the controls. The serum
total IgE level (5196.6 1U/mL [410-16,000 IU/mL]) (p < 0.01) in KD
patients were significantly higher than that (125.0 1U/mL [6-595
IU/mL]) in the controls. The number of blood basophils (76.3/
uL [39-127/uL]) tended to be higher in the KD patients than
that (25.5/uL [20-111/uL]) in the controls, but without statistical
significance.

Number and distribution of eosinophils

The number of eosinophils (Congo red staining) was
significantly greater in the KD patients’ parotid glands (median,
272.0/mm? range, 24.8-589.6/mm?) than in the control subjects’
parotid glands, which contained no detectable eosinophils
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Fig. 1. Numbers of proMBP1-positive cells in KD and normal parotid
glands. Box plots represent the median values with 25% and 75%
interquartiles. The error bars represent the 10th and 90th percentiles.
Each group, n = 6.*p < 0.01. proMBP1, pro-form of major basic protein 1.

(median, 0; range, 0-0; p < 0.01). Eosinophils were localized mainly
between the lymphoid follicles.

Number and distribution of basophils

The number of ProMBP1-positive cells (i.e., basophils) was
significantly greater in KD patients’ parotid glands (median,
77.6/mm?; range, 16.0-140.0/mm?) compared with the control
subjects’ parotid glands (p < 0.01) (Figs. 1, 2). Basophils had
infiltrated between the lymphoid follicles in KD (Fig. 2A, B). No
basophils were detected in the control specimens.

Percentage of IL-4-positive cells that were basophils

ProMBP1-positive cells (i.e., basophils) comprised 6.8% (median;
range, 2.6%-17.8%) of the IL-4-positive cells in KD patients’ parotid
glands (Fig. 3). No IL-4 positive cells were detected in the control
specimens.

DISCUSSION

The present study demonstrated for the first time, that
basophils infiltrate the parotid gland lesions of KD. The basophils
were found to infiltrate between the lymphoid follicles. Also
basophils infiltrating the KD parotid gland lesions were positive
for IL-4 protein. Our findings indicate that the infiltrating
basophils are functionally involved in the pathogenesis of the
Th2 inflammation of KD by enhancing IgE production, eosinophil

223



Asia Pacific

Nonaka M, et al.

aller

. . ’
4
- ,
> : it
B A4 " “S0pm . C s

Fig. 2. Immunolocalization of proMBP1 in the parotid lesion of Kimura disease. (A) Low magnification and (B) high magnification. (C) Same tissue
stained with control antibody. LF, lymphoid follicle; proMBP1, pro-form of major basic protein 1.
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Fig. 3. . Immunohistochemical identification of interleukin (IL)-4-positive, proMBP1-positive cells in the Kimura disease parotid gland by the double-
immunofluorescence method. Images staining positive for IL-4 (red) (A), proMBP1 (green) (B), and their merger (C). The yellow signal (arrow) in panel C

indicates colocalization of Il-4 and proMBP1. proMBP1, pro-form of major basic protein 1.

infiltration, etc,, at the lesional sites.

Since the discovery of basophils, their functions were not well
defined. There were various reasons for the inability to elucidate
the functions, including the fact that: basophils account for only
0.5% of peripheral blood mononuclear cells. Moreover unlike
mast cells, there are no animal models that are deficient only
in basophils. Basophils have few specific surface markers and
basophils were difficult to differentiate from mast cells. A number
of basophil-specific antibodies, such as BSP-1 [10], 2D7 [11], 97A6
[12], and BB1 [13, 14], have been established. However, although
BSP-1 and 97A6 recognize basophil surface markers, they have
problems such as inadequate sensitivity, also recognize mast cells,
etc. [11,12]. 2D7 and BB1 specifically recognize basophils, but their
ligands are unknown [11, 13]. However, a monoclonal antibody
against the proMBP1 was developed, and it is said to be specific
for basophils [15].

We used monoclonal antibodies specific for tryptase and
proMBP1 to perform double-immunofluorescence staining of the
same tissue specimens, and we were able to clearly differentiate
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between tryptase-positive cells (mast cells) and proMBP1-positive
cells (basophils) (data not shown). We therefore used proMBP1 to
identify basophils. A study of 2D7-positive cells in the bronchial
mucosa of asthma and proMBP1-positive cells in nasal polyps
found very few of basophils infiltrating the lesional site [15]. In
the asthmatic bronchial mucosa, basophils were only about one-
tenth the number of mast cells [16]. The KD patients’ parotid
glands that we examined in this study contained a relatively large
number of infiltrating basophils, i.e., 77.6/mm? (median), which
was about half of the number of infiltrating mast cells (data not
shown).

The histopathological findings for KD are characterized by
formation of lymphoid follicles with a germinal center. The
lymphoid follicles contain large numbers of infiltrating dendritic
cells and B lymphocytes [17]. In fact, IgE in KD lesional sites is
localized in lymphoid follicles that contain many B lymphocytes,
which are antibody-producing cells [18]. On the other hand,
mainly eosinophils, mast cells and T lymphocytes infiltrate
between the lymphoid follicles [2]. [l-4 and IL-5, which are Th2
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cytokines, and eotaxin and RANTES, which are chemotactic
factors for eosinophils, are also localized between the lymphoid
follicles [2]. Cytokines known to induce Th2 inflammation include
thymic stromal lymphopoietin (TSLP), IL-25, IL-33, etc. [19]. In
KD, TSLP is the only one of these 3 cytokines that is increased
in the lesional sites, and it is thought to play an important role
in induction of Th2 inflammation in KD [9]. Furthermore, it was
found that, in KD, macrophages between the lymphoid follicles
produce mainly TSLP, while mast cells express the TSLP receptor
[9]. Thus, it can be thought that TSLP-mediated interaction
between the macrophages and mast cells localized between
the lymphoid follicles is crucial for eliciting the Th2 inflammation
seen in KD. Our present studies elucidated that many basophils
are also infiltrating between the lymphoid follicles, suggesting
that they may function as effector cells in those sites in the
pathogenesis of the Th2 inflammation characterizing KD.

Il-4 and IL-13, which are Th2 cytokines, play central roles in
allergic inflammation. IL-4 activates STAT6, leading to expression
of GATA3 that mediates induction of increased differential
proliferation of naive T cells into Th2 cells that produce Th2
cytokines [20]. IL-4 also causes proliferation and activation of
mast cells. IL-4 and IL-13 induce expression of CC chemokines
by epithelial cells, thereby promoting infiltration of eosinophils
and T cells into inflammatory sites. Moreover, Il-4 and IL-13
induce differentiation of B cells into IgE-producing cells. These 2
cytokines are thought to play important roles in the eosinophil,
Th2 cell and mast cell infiltrations, as well as the increased IgE
production, seen in KD lesions.

Cells that produce I1-4 include Th2 cells, mast cells, basophils,
eosinophils, etc. Mast cells are considered to be the main source
of IL-4 in perennial AR and asthma [21, 22]. In addition, eosinophils
are thought to be the main cells producing IL-4 in nasal polyps
[23]. In fact, immunohistochemical studies indicated that in KD
Il-4 is localized mainly in mast cells and T cells [2].

On the other hand, upon activation basophils are known to
immediately produce large quantities of IL-4 [24]. It is also known
that basophils are an important source of the I-4 that initiates
differentiation of naive T cells into Th2 cells in the early stage
of allergic inflammation [6-8]. However, all the in vivo research
showing roles of basophils in ILl-4 production and induction of
Th2 cells from naive T cells was conducted in animals [6-8, 24].
In our present study, we confirmed in vivo that IL-4 is localized in
basophils in the parotid lesions of human KD patients.

This is the first report to document that the parotid gland

apallergy.org https://doi.org/10.5415/apallergy.2017.7.4.221

lesions of KD patients are infiltrated by a relatively large number
of basophils. We also showed that some of the infiltrating
basophils are positive for -4 protein, suggesting that those
cells are actively functioning in the lesional sites. Based on these
findings, we postulate that Il-4 produced by those basophils
contributes to the pathogenesis of KD.
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