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Letter to the Editor
Anaphylaxis associated with eosinophilic sialodochitis via periostin
upregulation and mast cell activation
Dear Editor,

Eosinophilic sialodochitis (ES), first reported by Kussmaul in
1879, is characterized by swelling of the salivary glands and
discharge of mucus plugs from the saliva tube.1,2 Approximately
60 cases have been reported to date.1e3

Before the onset of ES, many patients have a long-term chronic
eosinophilic disease, such as asthma, allergic rhinitis, or atopic
dermatitis.1,2 Recently, it was reported that eosinophil extracellular
trap cell death (EETosis) might play an important role in the forma-
tion of ES mucus plugs.3 Herein, we report a case of ES-associated
episodic anaphylaxis through IgE-independent mechanisms.

A 64-year-old Japanese woman developed chronic allergic
rhinitis. She had noticed a swelling in her submandibular region
over the past 5 years, gradually increasing in incidence. She began
to have generalized urticaria and swelling in the submandibular re-
gion while eating regardless of meal contents. She was under oral
antihistamines for a year, as prescribed by her previous doctor.
However, her symptoms did not improve. Subsequently, she expe-
rienced anaphylaxis twice. She was diagnosed with a food allergy
by her previous doctor and referred to our hospital.

On admission, her laboratory test showed a white blood cell
count of 5200 cells/mL (187 cells/mL eosinophils) and a serum IgE
level of 191 IU/mL. Her serum antigen-specific IgE levels could
not be detected by the simultaneous multiple antigen assay 39
(View Allergy39®, Thermo Fisher Scientific, Uppsala, Sweden) (39
allergens, including environmental, pollen, microbial, and food al-
lergens, were tested). At 6 weeks after recovery from anaphylaxis,
we performed a prick test with dietary content when both urticaria
and anaphylaxis occurred, but all test results were negative. Food
challenge tests did not induce any symptoms. Based on these re-
sults, we concluded that the patient was unlikely to have food
allergies.

For the swelling in the mandible, ultrasonography was per-
formed, and the findings showed dilatation of the salivary ducts.
Moreover, a salivary gland biopsy was performed, and
hematoxylin-eosin staining indicated fibrosis and prominent eosin-
ophil infiltration around the conduit (Fig. 1A, B). A mucus plug for-
mation was evident in the oral cavity after salivary gland drainage
(Supplementary Fig. 1). Based on these results, the patient was
diagnosed with ES.

A few days after the admission, the patient noticed swollen sali-
vary glands, and soon after, urticaria appeared. Blood tests were
performed, and elevated eosinophil counts (620 cells/mL: normal
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range <300 cells/mL) and serum salivary gland-derived amylase
levels (283 U/L, normal condition without urticaria 56 U/L, normal
range 44e132 U/L) were observed. We also found a clear increase in
plasma histamine levels (2.27 ng/mL, normal range 0.15e1.23 ng/
mL) asmeasuredwith enzyme immunoassay (LSI Medience, Japan).
Additionally, the tryptase level in the saliva, as measured with fluor
enzyme-linked immunosorbent assay (LSI Medience), had
increased significantly (50.7 ng/mL) compared with that under
her normal conditions (2.5 ng/mL) (Fig. 1C). The histamine level
in the saliva had also increased (133 ng/mL) compared with that
under her normal conditions (32.4 ng/mL).

We hypothesized that mast cell-derived mediators, including
histamine and tryptase in the salivary glands, might have leaked
into the circulating blood following the swelling of salivary glands,
leading to systemic urticaria. To confirm the presence of mast cells
in the salivary gland tissue, we performed immunostaining for the
c-kit (Fig. 2A). Compared with the normal tissue, no increase in
mast cell number was observed. However, toluidine blue staining
revealed a large amount of extracellular deposition of the dye
around the conduit, indicating mast cell degranulation (Fig. 2B).

Periostin, an extracellular matrix protein, has recently been
attracting attention as a biomarker of type 2 immunity.6 Immuno-
staining for periostinwas performed, and we found periostin depo-
sition around the salivary gland conduits, where fibrosis and
eosinophilic inflammation were prominent (Fig. 2C). To study the
eosinophil activation in the mucus plug, immunostaining for
eosinophil-specific proteins, cytoplasmic protein galectin-10, and
granular protein major basic protein (MBP) was also performed as
previously described.7 A large number of eosinophils both in intact
(galectin-10þve, MBPþve) and cytolytic (galectin-10-ve, MBPþve)
statuses were found inside the mucus plug (Fig. 2D). The citrulli-
nated histone H3 was stained in conjunction with hematoxylin-
eosin staining to detect eosinophil extracellular traps. Cytolytic eo-
sinophils that release cell-free eosinophil granules and citrullinated
histone H3 stained filamentous DNA were evident, indicating
eosinophil EETosis (Fig. 2E). Additionally, aggregated intact eosino-
phils stained with extracellular citrullinated histone H3 were also
observed (Fig. 2F). These results indicated that both intact and cyto-
lytic eosinophils with extracellular traps were aggregated to form
stable fibrous mucus plugs in the salivary ducts.

The expression of periostin is induced by interleukin (IL)-4/IL-
13, which is upregulated by type 2 inflammation in allergic dis-
eases, including chronic allergic rhinitis.5 Periostin has been re-
ported to be induced by the disruption of epithelial cells and
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Fig. 1. Salivary tryptase levels in the fibrous sialadenitis (FS) patient and healthy control subjects. Hematoxylin-eosin staining of the salivary glands is shown at low (A) and high (B)
magnifications. (C) Tryptase levels in saliva under normal conditions and with a fibrous mass during an attack of urticaria after salivary gland massage were measured in the FS
patient and healthy controls.
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endothelial cells via some physical stimuli.6,8 Periostin promotes
the induction of eosinophil degranulation and oxidative burst
through aMb2 integrin.9 MBPs directly promote histamine release
from mast cells through the IgE-independent mechanisms.4

Taken together, we speculated on the mechanism of ES as fol-
lows (Supplementary Fig. 2): (1) Type 2 cytokines IL-4 and IL-13
induce periostin, which deposits around the conduits of salivary
glands with endothelial damage. (2) Increased eosinophil chemoat-
tractants induce tissue eosinophilia, where they are further acti-
vated by local mediators, including periostin. (3) Luminal
eosinophils were further activated to form aggregates and undergo
EETosis to release extracellular traps, increase mucus plug forma-
tion, and obstruct the salivary gland. (4) With the increased intra-
ductal pressure load due to salivation associated with feeding
behavior, salivary gland-derived amylase leaks into the interstitial
tissues of the salivary glands and the circulating blood.
Eosinophil-derived mediators, including MBP, stimulate mast cells
around the conduit to release histamine and tryptase. They could
move into the small capillaries to blood circulation, causing urti-
caria and anaphylaxis.

To the best of our knowledge, this is the first case of ES-
associated anaphylaxis with a series of pathophysiological pieces
of evidence. Prominent local type 2 immunity, upregulation of peri-
ostin, mast cell activation, and occurrence of EETosis might lead to
systemic response caused by salivary duct obstruction. Further
study is required to clarify our observation.



Fig. 2. Histological findings of the salivary glands and the fibrous mass in the saliva. To evaluate the density and degranulation of mast cells in the salivary glands (red arrow),
immunohistochemical (c-kit) (A) and toluidine blue (B) staining were performed. (C) Immunohistochemical staining of the salivary glands indicates significant periostin deposition
around the conduit. (D) Immunofluorescence staining for galactin-10 (green), MBP (red), and DNA (blue) in the salivary fibrous mass. Intact (arrowheads) and cytolytic eosinophils
(asterisks) are indicated. Hematoxylin-eosin staining of the salivary fibrous mass indicated cytolytic eosinophils with cell-free granules (Ei) and aggregated eosinophils (Fi). (Eii and
Fii) Immunofluorescence staining for citrullinated histone H3 (green), a marker for extracellular traps, and DNA (blue). Identical field with (Ei) and (Fi) are shown.
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