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Differential expression of haematopoietic prostaglandin D
synthase by POU2F3-positive tuft cells in conventional bilayered
oncocytic and metaplastic epithelia of Warthin tumours
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Abstract. Warthin tumours (WT), the second most common
benign salivary gland tumour, are histopathologically
composed of bilayered oncocytic epithelial cells with
occasional metaplastic epithelium. Tuft cells, which are
chemosensory epithelial cells, are present in WT. Tuft cells
serve various roles by producing physiologically active
substances, such as prostaglandins (PGs). PGD, released from
tuft cells is crucial for tissue repair and inhibiting pancreatic
carcinogenesis. However, whether or not tuft cells in WT
produce PGD, has not yet been elucidated. The present study
aimed to investigate the production of PGD, in POU class 2
homeobox 3 (POU2F3; a specific tuft cell marker)-positive
cells of WT and normal salivary glands. Consecutive patients
with WT who underwent surgical resection were selected.
Dual immunohistochemical staining for POU2F3 and
haematopoietic PGD synthase (H-PGDS) was performed.
The present study included 28 patients with WT of the
parotid gland (all male patients; median age, 68 years). The
conventional bilayered oncocytic epithelium was present in all
tumours; squamous metaplastic epithelium and conventional
bilayered oncocytic epithelium were observed in 16 patients.

Correspondence to: Dr Mitsuaki Ishida, Department of Pathology,
Faculty of Medicine, Osaka Medical and Pharmaceutical University,
2-7, Daigaku-machi, Takatsuki, Osaka 569-8686, Japan

E-mail: mitsuaki.ishida@ompu.ac.jp

“Contributed equally

Abbreviations: ADM, acinar-to-ductal metaplasia; H-PGDS,
haematopoietic prostaglandin D synthase; L-PGDS, lipocalin-type
prostaglandin D synthase; PG, prostaglandin; PGDS, prostaglandin D
synthase; POU2F3, POU class 2 homeobox 3; WT, Warthin tumours

Key words: WT, tuft cell, prostaglandin D,, H-PGDS, metaplasia

Dual immunohistochemical analysis revealed that POU2F3*/
H-PGDS- cells were exclusively present in the striated duct of
the normal salivary gland, and abundant POU2F3-positive tuft
cells were observed in both the conventional bilayered onco-
cytic and metaplastic squamous epithelia of WT. The median
ratio of POU2F3-positive cells expressing H-PGDS was
significantly higher in the conventional oncocytic epithelium
(89.9%) than in the metaplastic squamous epithelium (10.6%)
of WT (P=0.00044). The present results suggest a link between
tissue injury to the striated duct and the pathogenesis of WT,
and that PGD, released from POU2F3-positive cells in the
conventional bilayered oncocytic epithelium is associated with
ongoing tissue injury. Further studies are warranted to clarify
the function of tuft cells in WT and gain deeper insights into
the pathogenesis of WT.

Introduction

Warthin tumours (WT), the second most common benign
salivary gland neoplasm, are predominantly seen in males and
are restricted to the parotid glands (1). This tumour is histo-
pathologically characterised by papillary cystic proliferation
of bilayered oncocytic epithelial cells without nuclear atypia,
surrounded by various amounts of lymphoid stroma occasionally
accompanying the germinal centre (1). WT can induce various
epithelial changes (2). The transition from typical bilayered
oncocytic epithelial cells to monomorphic bland metaplastic
epidermoid epithelial cells composed of several layers, as well
as goblet cells, is a common histopathological finding (1,2).
Tuft cells, also referred to as brush cells, are minor
chemosensory epithelial cells located on the normal surfaces
of the gastrointestinal and respiratory tracts (3); they express
taste receptors and are luminal sensors (3,4). Tuft cells
play important roles in antibacterial reactions, initiation of
immune responses, and tissue repair, depending on their loca-
tion, by secreting various physiologically active substances,
including prostaglandins (PGs) (5,6). POU class 2 homeobox 3
(POU2F3) is a useful marker for identifying tuft cells, as this
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gene is a master regulator of tuft cell differentiation and gene
deficiency, leading to a lack of tuft cells (7-10). The presence
of tuft cells in the salivary glands has been reported (11,12).
One study reported tuft cells in the normal striated ducts of
mouse, pig, and human submandibular glands but not in the
acinus, intercalated ducts, or excretory ducts (11). Recently,
Hoki et al (12) demonstrated that POU2F3-positive tuft cells
are primarily present in the striated ducts of the normal human
salivary glands, including parotid, submandibular, sublingual,
and minor glands, but not in the acini, although these cells are
rare epithelial components of the striated ducts, accounting for
<1% of the epithelial cells. In addition, the authors showed that
WT, as well as pleomorphic adenoma, the most common sali-
vary gland tumour, had POU2F3-positive tuft cells within the
tumour and the most abundant tuft cells in WT among various
types of benign and malignant salivary gland tumours (12).

PGs are lipid mediators in inflammation, smooth muscle
contraction or dilatation, and vasodilation in various tissues
or organs (13) and are synthesised from arachidonic acid
in the cell membrane by specific PG synthases (14). PGD, is
synthesised by two distinct types of PGD synthase (PGDS):
haematopoietic PGDS (H-PGDS) and lipocalin-type PGDS
(L-PGDS) (15). H-PGDS is expressed in immune cells, such
as macrophages, mast cells, and a subset of T lymphocytes
(Th2), whereas the expression of L-PGDS is restricted to the
brain and cardiac muscle and is thought to be related to homeo-
stasis of these organs (15-17). PGD, released from tuft cells in
pancreatic lesions plays a role in tissue repair and suppresses
the development and acceleration of pancreatic carcinogenesis
in a transgenic mouse model (18). Although the presence of
tuft cells in normal salivary glands and WT has been shown,
whether these cells produce PGD, has not been elucidated. The
development of WT is suspected to be related to epithelial injury
with mitochondrial dysfunction (19). PGD, secreted by tuft cells
plays a role in response to injury and tissue repair, although one
of the major secretion substances of tuft cells is IL-25, which
plays a role in anti-helminth response (5). The roles of tissue
injury and repair in L-PGDS have not been reported (15).
Therefore, this study aimed to clarify the production of PGD,
in POU2F3-positive cells in normal salivary glands and WT by
detecting the expression of H-PGDS.

Materials and methods

Patient selection. Consecutive patients diagnosed with WT
by postoperative pathological examination at Osaka Medical
and Pharmaceutical University Hospital (Osaka, Japan)
(from 1 January 2021 to 31 December 2023) were included
in this study. Clinical data, including smoking history, were
obtained from medical records.

This retrospective, single-institution study was conducted
in accordance with the tenets of the Declaration of Helsinki,
and the study protocol was approved by the Institutional
Review Board of Osaka Medical and Pharmaceutical
University Hospital (Approval #2023-198). All data were
anonymised. Informed consent was obtained from patients
using the opt-out methodology because of the retrospective
study design, as medical records and archived samples were
used with no risk to the participants. Moreover, the present
study did not include minors. Information regarding this study,

such as the inclusion criteria and opportunity to opt out, was
provided through the institutional website (https:/www.ompu.
ac.jp/u-deps/path/img/file23.pdf).

Histopathological analysis. Surgically resected salivary gland
tumours were fixed in 10% neutral buffered formalin, dehy-
drated, embedded in paraffin, sectioned (4 ym), and stained
with haematoxylin and eosin. Three authors (KH, AS, and MI)
independently evaluated the histopathological features of the
specimens.

The diagnostic criterion for the WT was papillary cystic
proliferation of bilayered oncocytic epithelial cells without
nuclear atypia surrounded by lymphoid stroma. Bilayered
epithelial cells are composed of inner columnar and outer
cuboidal cells, which have a rich granular eosinophilic cyto-
plasm. Multilayered squamous, mucous, and ciliated cells are
occasionally observed (1,2).

Histopathological features, such as the type of epithelium
(bilayered oncocytic epithelial cells only or the presence
of squamous cells), were evaluated. Metaplastic squamous
epithelium was defined as multi-layered polygonal epithelial
cells with occasional intercellular bridges and a lack of onco-
cytic cytoplasm (1).

Immunohistochemical analysis. Immunohistochemical
staining was performed using an autostainer (Leica
Bond-MAX; Leica Biosystems GmbH, NuBlloch, Germany)
according to the manufacturer's instructions. The BOND
Polymer Refine Detection Kit (DS9800; Leica) and BOND
Polymer Refine Red Detection Kit (DS9390; Leica) were
used for dual immunohistochemical staining. A rabbit mono-
clonal antibody against POU2F3 (ESN2D; Cell Signalling
Technology, Danvers, MA, USA, diluted 1:200) and a rabbit
polyclonal antibody against H-PGDS [(20), diluted 1:4,000]
were used. Squamous cells of the skin were used as positive
controls for POU2F3 (21), and placental trophoblasts were
used for H-PGDS (22). Negative controls were prepared
without primary antibodies. Nuclear and cytoplasmic
staining was recognised as positive immunoreactivity for
POU2F3 (12,21) and H-PGDS (20,22), respectively. Three
authors (KH, AS, and MI) independently evaluated the immu-
nohistochemical features. POU2F3*/H-PGDS™ (nuclei stained
black and cytoplasm stained red), POU2F3*/H-PGDS" (only
nuclei stained brown), and POU2F3-/H-PGDS* cells (both
nuclei and cytoplasm stained red) were separately counted in
five high-power fields (x400) within the tumour epithelial cell
nests in each tumour, as well as within the non-neoplastic sali-
vary gland tissue around the tumour. Moreover, these analyses
were performed in the conventional bilayered oncocytic and
metaplastic squamous epithelia (if present).

Statistical analysis. Data are presented as means + standard
deviation. The correlation between the two groups was anal-
ysed using the Wilcoxon signed-rank test (Statcel 3; OMS Ltd.,
Tokyo, Japan). Statistical significance was set at P<0.05.

Results

Patient characteristics. Table SI lists the clinicopathological
features of the study cohort, which included 28 patients



DOS MOLECULAR MEDICINE REPORTS 32: 259, 2025 3

Figure 1. Histopathological features of Warthin tumours of the parotid gland. (A) Well-circumscribed papillary-cystic proliferation (black arrows) surrounded
by the non-neoplastic parotid gland tissue was observed. Rich lymphoid stroma was present around the epithelial cells, and a lymphoid follicle was also
observed (red arrow) (haematoxylin and eosin; magnification, x40). (B) Conventional bilayered epithelial cells comprised inner columnar and outer cuboidal
cells (black arrows) surrounded by dense lymphoid aggregates with a germinal centre (red arrow). These epithelial cells had rich granular eosinophilic
cytoplasm and lacked nuclear atypia (haematoxylin and eosin; magnification, x400). (C) Transition from the conventional bilayered oncocytic epithelium (left
side) to squamous metaplasia (right side; black arrows). Lymphoid follicles with germinal centres were also present around the epithelial cells (red arrow)
(haematoxylin and eosin; magnification, x200). (D) Metaplastic squamous cells had no nuclear atypia (black arrows) and were surrounded by rich lymphoid
stroma accompanying a lymphoid follicle (red arrow) (haematoxylin and eosin; magnification, x400).

with WT of the salivary gland. The median patient age was
68 years (range, 54-84 years). The study population comprised
only male patients. The tumours were located in the parotid
gland in all patients (right and left sides in 13 and 15 patients,
respectively). Patient 18 also had a pleomorphic adenoma of
the parotid gland on the same side as the WT; however, no
continuity was observed between the two lesions.

Smoking history was observed in 22 patients (10/12 patients
with only conventional bilayered oncocytic epithelium and
12/16 patients with both bilayered oncocytic and metaplastic
squamous epithelia). Ten of 12 patients with only conventional
bilayered oncocytic epithelium and 11 of 16 patients with both
bilayered oncocytic and metaplastic squamous epithelia were
current smokers. No significant differentiation of smoking
status was observed between the two groups (Table SI).

Histopathological features. The typical histopathological
features of WT are presented in Fig. 1. The well-circum-
scribed tumour was surrounded by a nonneoplastic parotid
gland (Fig. 1A). The tumour comprised a proliferation of
bilayered epithelial cells in rich lymphoid stroma, occasion-
ally accompanied by lymphoid follicles with a germinal
centre (Fig. 1A and B). The bilayered epithelial cells were

composed of inner columnar and outer cuboidal cells, which
had rich granular eosinophilic cytoplasm and lacked nuclear
atypia (Fig. 1B). The presence of multilayered squamoid cells,
that is, squamous metaplasia, was observed in 16 patients
(Fig. 1C and D) a transition from conventional bilayered
oncocytic epithelial cells to squamous metaplasia was also
observed (Fig. 1C). The remaining 12 tumours contained
only conventional bilayered oncocytic epithelial cells. This
cohort was divided into two subgroups: WT with metaplastic
squamous epithelium (Patients No. 1-16) and WT with only
conventional oncocytic epithelium (Patients No. 17-28).

Immunohistochemical features. In the normal parotid glands, a
few POU2F3-positive tuft cells were observed in the striated duct
(three cells (median) in five high-power fields of all specimens)
(Fig.2A) butnotin the acinus, intercalated ducts, or excretory ducts
in five high-power fields of all specimens (Fig. 2A and B) (Table I).
No H-PGDS expression was detected in POU2F3-positive cells in
five high-power fields of all specimens (Fig. 2A).

In the conventional bilayered epithelium in WT of both
subgroups (Patients No. 1-28), POU2F3*/H-PGDS* cells were
abundant in most tumours, and almost all POU2F3-positive
cells expressed H-PGDS (the median ratio of tuft cells
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Figure 2. Immunohistochemical features of WT of the parotid gland examined using dual immunohistochemical staining for POU2F3 (brown) and H-PGDS
(red). (A) A few POU2F3*/H-PGDS" cells were present in the striated duct (median, 3 cells in five high-power fields; brown arrows) but not in the acinus
of the normal parotid glands (magnification, x400). (B) No POU2F3*/H-PGDS" cells were noted in the excretory duct and acinus of the normal parotid
glands (magnification, x400). (C) POU2F3*/H-PGDS* cells (black arrows) were abundantly observed in the conventional bilayered oncocytic epithelial cells,
especially in the abluminal side, and a few POU2F3/H-PGDS* cells (red arrows) were also observed in the epithelial cells, especially in the abluminal side,
of the WT (magnification, x400). (D) Numerous POU2F3*/H-PGDS" cells (brown arrows) were present in the metaplastic squamous epithelium of WT, and
no POU2F3*/H-PGDS* cells were observed (magnification, x400). (E) Transitional area of the conventional bilayered oncocytic epithelium (left side) and
the metaplastic squamous epithelium (right side) of WT. A number of POU2F3*/H-PGDS" cells (black arrows) were present in the conventional bilayered
oncocytic epithelium, while POU2F3*/H-PGDS" cells (brown arrows) were abundant in the metaplastic squamous epithelium. POU2F3/H-PGDS* cells (red
arrows) were also observed in the conventional bilayered oncocytic epithelium (magnification, x400). H-PGDS, haematopoietic prostaglandin D synthase;
POU2F3, POU domain class 2 transcription factor 3; WT, Warthin tumours.

expressing H-PGDS [POU2F3*/H-PGDS* cells/(POU2F3*/
H-PGDS* + POU2F3*/H-PGDS" cells)] was 91.9%). The

the two subgroups. These POU2F3-positive cells were particu-
larly present on the abluminal side of the bilayered epithelium

median ratio of POU2F3-positive cells expressing H-PGDS
in the region of the conventional oncocytic epithelium in the
subgroup of WT with only conventional oncocytic epithelium
(Patients No. 17-28) was 95.1%, while the ratio in that with
metaplastic squamous epithelium (Patients No. 1-16) was
89.9%; there was no significant difference in the ratio between

(Fig. 2C) (Table SI).

In the subgroup of WT with metaplastic squamous
epithelium (Patients No. 1-16), POU2F3*/H-PGDS" cells
were abundant in the metaplastic squamous epithelium
(Fig. 2D and E) (Table SI). The proportion of POU2F3-positive
cells expressing H-PGDS was significantly higher in the
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Table I. Summary of the immunohistochemical results in the
normal human parotid glands.

POU2F3-positive
tuft cells in five
high-power fields

POU2F3-positive
tuft cells in five
high-power fields

Location (median) (range)
Acinus 0 0
Intercalated duct 0 0
Striated duct 3 1-7
Excretory duct 0 0
POU2F3, POU domain class 2 transcription factor 3.
120 - P=0.00044
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Figure 3. Ratio of POU2F3*/H-PGDS" tuft cells/total POU2F3* cells in the
conventional bilayered oncocytic and metaplastic squamous epithelia (%).
H-PGDS, haematopoietic prostaglandin D synthase; POU2F3, POU domain
class 2 transcription factor 3.

conventional bilayered oncocytic epithelium (median 89.9%)
than in the metaplastic squamous epithelium (median 10.6%)
(P=0.00044) (Fig. 3, Table SI).

Discussion

In the present study, we observed many POU2F3-positive cells
in both the conventional bilayered oncocytic and metaplastic
squamous epithelia in WT and demonstrated that the ratio
of POU2F3-positive cells expressing H-PGDS (POU2F3*/
H-PGDS" cells) was significantly higher in the conventional
bilayered oncocytic epithelium than in the metaplastic f
epithelium in WT.

Tuft cells are chemosensory epithelial cells that perform
multiple functions by secreting various physiologically acti-
vating substances (3-6). Tuft cells in the nasal mucosa produce
acetylcholine during bacterial infection, inducing the produc-
tion of antimicrobial peptides and inflammation (23). Tuft cells
in the small intestinal mucosa play important roles in parasitic
infections via the production of IL-25, the activation of type
2 inflammation, and tissue remodelling (4-6). Moreover, tuft
cells are present in the human pancreas; their presence is
restricted to the pancreatic ducts but not the acinus (24). Tuft
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cells appear in acinar-to-ductal metaplasia (ADM) lesions in
response to tissue injury in the mouse pancreas (18). ADM
is considered de-differentiation or trans-differentiation of
pancreatic acinar cells due to pancreatic acinar cell injury
from various causes, including acute pancreatitis, using a
mouse model (25). These tuft cells present in the pancreatic
ADM produce PGD,, leading to tissue remodelling and
repair. Moreover, PGD, in ADM plays a role in inhibiting the
progression to pancreatic carcinogenesis using the K-ras®'?P
transgenic mouse model (18). Tuft cells play various impor-
tant roles in inflammation, tissue repair, and remodelling,
depending on the site and type of the stimuli (3-6,18,23).
Only a few studies have reported the presence of tuft
cells in normal human salivary glands and salivary gland
neoplasms (11,12). The present and previous studies demon-
strated that POU2F3-positive tuft cells were present in the
striated duct but not in the acinus and the intercalated and
excretory ducts of the human salivary gland (11,12). The loca-
tion of tuft cells in the human salivary glands is similar to that
in the human pancreas, in which tuft cells are present in the
normal pancreatic duct but not in acinar cells (24), although
tuft cells are not present in the normal conditions of the mice
pancreas (26). Recently, Hoki ef al (12) analysed the frequency
and distribution of tuft cells in various types of salivary gland
neoplasms. Tuft cells are present in WT, pleomorphic adenoma,
basal cell adenoma, oncocytoma, mucoepidermoid carcinoma,
adenoid cystic carcinoma, and salivary duct carcinoma; WT
is the tumour with the highest number of tuft cells (12). The
authors also demonstrated that POU2F3-positive cells were
present on the abluminal side of the bilayered oncocytic
epithelium in WT (12). These findings support our results
regarding the location of POU2F3-positive cells. The func-
tions of tuft cells in WT remain to be determined, although
Hoki er al (12) suspected that POU2F3-positive cells might be
aberrantly induced, possibly by tissue injury, such as smoking.
Some studies have addressed the association between tuft
cells and tissue injury. Tuft cells in the lungs are caused by
various types of severe lung injury, arise from basal-like
cells, and migrate to damaged alveoli (27). The occurrence
of majority of WT is linked to smoking, and epithelial injury
with mitochondrial dysfunction is speculated to be related to
WT development (19). Moreover, the possible origin of WT
is the striated ducts present in the salivary duct included in
the intraparotid lymph node (28). Accordingly, tissue injury
caused by smoking in the striated duct of the intraparotid
lymph node may be linked to the presence of tuft cells in WT,
as a few tuft cells are present in the striated ducts of the normal
salivary gland. Further studies are warranted to clarify the
mechanisms underlying the presence of tuft cells in WT.
PGD,, alipid mediator, plays an important role in inflamma-
tion and homeostasis via DP1 receptors and a chemoattractant
receptor-homologous molecule expressed on Th2 cell (CRTH2)
receptors (13). H-PGDS is involved in the production of PGD,
in immune cells, such as macrophages, mast cells, and a
subset of Th2 cells, which leads to the regulation of inflam-
mation (16,17). Immunohistochemical staining for H-PGDS
is useful for demonstrating PGD, production (17,18,20). The
present study demonstrated that POU2F3-positive tuft cells
present in the normal striated duct of the parotid gland did not
express H-PGDS, and most POU2F3-positive cells present in
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the bilayered oncocytic epithelium of WT expressed H-PGDS.
The ratio of POU2F3-positive cells expressing H-PGDS to the
total tuft cells in the bilayered oncocytic epithelium (median
89.9%) was significantly higher than that in the metaplastic
squamous epithelium (median 10.6%). This finding indicates
that most POU2F3-positive cells present in the conventional
oncocytic epithelium express H-PGDS, unlike most of those
in the metaplastic squamous epithelium. The function of
POU2F3-positive cells in WT might differ between the types
of epithelium in WT. PGD, plays various roles in tissue
injury (17), and the degree of tissue injury may be related
to the ratio of POU2F3-positive cells expressing H-PGDS
in WT. A higher rate of POU2F3-positive cells expressing
H-PGDS within the bilayered oncocytic epithelium in WT
might be related to stronger ongoing tissue injury, whereas the
metaplastic squamous epithelium in WT may be the result of
previously existing tissue damage, with ongoing tissue injury
being weaker in the metaplastic epithelium. Smoking status
was not significantly different between patients with WT with
and without metaplastic squamous epithelium; thus, the degree
of tissue damage might vary in each tumour. Moreover, tuft
cells in the normal striated duct, a possible origin of WT,
showed no H-PGDS expression. Increased functional changes
in tuft cells might occur during WT development, possibly
related to tissue injury or the microenvironment in the striated
duct. Further analysis is needed to clarify the functions and
production of substances by POU2F3-positive cells in WT,
which will provide deeper insights into the pathogenesis of
WT. The presence of POU2F3-positive cells has been reported
in some types of salivary gland tumours (12); however, data on
whether H-PGDS expression is observed in POU2F3-positive
cells in other types of salivary gland neoplasms are lacking.
Further analysis is needed.

This study has some limitations. First, the functions of
POU2F3-positive cells and PGD, in WT remain unknown.
It has been speculated that tuft cells in WT are related to
tissue injury, such as smoking; however, the mechanism
of emergence of POU2F3-positive cells in WT remains
unclear. Second, although this study clearly demonstrated
H-PGDS expression in POU2F3-positive cells in WT, no
biochemical assay of PGD, was performed. Although immu-
nohistochemical analysis for H-PGDS is recognized as useful
for demonstrating PGD, production (17,18,20), direct measure-
ment of PGD, production was not performed in the present
study. Further analyses are needed to clarify the functions of
tuft cells in normal salivary glands and WT. This will expand
our understanding of the pathogenesis of WT. Third, this study
included a relatively small number of patients with WT, and
the cohort comprised only male patients. Although WT shows
a male predominance (1), the present cohort may potentially
lead to a bias in the statistical power.

In conclusion, the proportion of POU2F3-positive cells
expressing H-PGDS was significantly higher in the conven-
tional bilayered oncocytic epithelium than in the metaplastic
squamous epithelium of WT. The results indicate that PGD,
produced by POU2F3-positive cells in WT may be related
to tissue injury during WT development. Further studies are
warranted to clarify the function of POU2F3-positive cells
in WT and normal salivary glands, which will provide novel
insights into the pathogenesis of WT.
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