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Abstract

Prostate-specific membrane antigen (PSMA) is a transmembrane glycoprotein that is overexpressed in the prostate gland and
prostate cancer. PSMA has been recently used in positron emission tomography/computed tomography (PET/CT) imaging
and targeted alpha-radiation therapy (TAT) for prostate cancer. Recently, the tubarial gland, a type of minor salivary gland
that is described as a new organ situated in the pharynx, is reported to express PMSA. Here, we studied the expression of
PSMA in common benign and malignant salivary gland tumors. We performed immunohistochemistry for PSMA in 55
salivary gland tumors comprising 10 pleomorphic adenomas, 10 Warthin tumors, 9 basal cell adenomas, 9 adenoid cystic
carcinomas, 9 mucoepidermoid carcinomas, and 8 salivary duct carcinomas. PSMA was expressed in 97% of benign tumors
and 77% of malignant tumors. Moreover, PSMA was expressed in 59% of normal salivary glands adjacent to the tumor.
PSMA is relatively expressed in salivary gland tumors and salivary glands. Therefore, salivary gland neoplasm, and normal
salivary gland, possibly demonstrate the accumulation of PSMA in PET/CT. Thus, we need to monitor the side effects in
the salivary glands during TAT for prostate cancer.
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Introduction

A majority of the patients with prostate cancer generally
show an excellent prognosis, but some patients suffer from
nodal and distant metastases [1]. Positron emission tomog-
raphy/computed tomography (PET/CT) using agents target-
ing prostate-specific membrane antigen (PSMA) has been
recently established (PSMA PET/CT) and used as a tool for
detecting metastatic lesions or disease relapse [2]. PMSA is
a transmembrane glycoprotein comprising the extracellular
domain, transmembrane region, and intracellular domain
(Fig. 1) [2, 3]. It is expressed on both the non-neoplastic
prostatic epithelial cells and prostate cancer cells and is a
highly sensitive and specific immunohistochemical marker
for prostate cancer [4]. Furthermore, radiotherapy involv-
ing alpha rays, i.e., targeted alpha therapy (TAT) utilizing
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PMSA, has been developed for the treatment of metastatic
castration-resistant prostate cancer (mCRPCa) [2]. In this
therapy, PMSA-expressing cancer cells are destroyed by
alpha rays.

However, the tubarial gland, a type of minor salivary
gland that is described by Valstar et al. as a new organ situ-
ated in the pharynx, is reported to express PMSA, and thus,
is at risk for radiotherapy [5]. Therefore, this study investi-
gated whether the salivary gland tumors and normal salivary
glands express PMSA.

Materials and Methods

We collected 55 salivary gland tumors, including 43 non-
neoplastic salivary glands adjacent to the tumors, resected
at the Oita University Hospital between January 2010 and
March 2021. There were 29 benign tumors: 10 pleomor-
phic adenomas (PA), 10 Warthin tumors (WT), and 9 basal
cell adenomas (BCA); and 26 malignant tumors: 9 adenoid
cystic carcinomas (ACC), 9 mucoepidermoid carcinomas
(MC), and 8 salivary duct carcinomas (SDC) (Table 1).
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Fig.1 The schema of prostate-specific membrane antigen (PSMA)
receptor

The non-neoplastic salivary glands were obtained from
28 parotid glands, 3 submandibular glands, and 13 minor
salivary glands of the oral cavity. Formalin-fixed paraffin-
embedded tissue blocks showing representative histology
were selected for each case and cut at a thickness of 4 um.
Immunohistochemical staining was performed manually.
Briefly, the sections were deparaffinized in xylene and rehy-
drated in graded alcohol. Endogenous peroxidase activity
was abolished by incubation with 3% hydrogen peroxide

for 20 min at room temperature. Antigens were retrieved
by autoclaving in a pH 9.0 citrate buffer. The slides were
then incubated with anti-PSMA antibody (anti-PSMA anti-
body, clone 3E6, DAKO, Denmark, Cat. No. M3620) for
2 h at room temperature. The immunoreaction was visual-
ized using a streptavidin-labeled biotin peroxidase complex
system (Nichirei, Tokyo, Japan). Reactivity was scored using
a three-graded scoring of colorimetric intensity and popula-
tion of positive cells. For intensity scoring, strong staining
and no staining were scored as 2+ and 0, respectively. Weak
staining was scored as 1+ . In population scoring, positive
staining of 2 + was detected in > 50% of the cells and 1 +in
49% to 10% of the cells. The specimen with no staining was
scored as 0. The case in which the product of the intensity
score and population score was > 2 was defined as PSMA-
positive. The study was approved by the institutional ethics
committee and review board of the Oita University, Japan
(Approval Number: 2096).

Results

The tumors and locations are summarized in Table 1. The
results of PSMA immunostaining are indicated in Tables 2
and 3, and Figs. 2, 3 and 4. Eighty-seven percent of the
tumors were PSMA-positive. The positive ratios for PA and
WT were the highest (100% each), followed by those for

Table 1 Tumors, tumor

location, and prostate-specific Tumor Location Case number PSMA positive ~ Matched cases of the back-
membrane antigen (PSMA) case (%) ground salivary gland (%)
positivity PA Parotid gland 7 7 (100) 3(43)
Submandibular gland 2 2 (100) 2 (100)
Soft palate 1 1 (100) 1 (100)
WT Parotid gland 10 10 (100) 1(10)
BCA Parotid gland 9 8 (89) 6 (75)
ACC Tongue 3 2 (67) 1 (50)
Oral floor 2 2 (100) 2 (100)
Parotid gland 1 1 (100) 0 (0)
Submandibular gland 1 1 (100) 0 (0)
Buccal mucosa 1 1 (100) 1 (100)
Soft palate 1 1 (100) 1 (100)
MC Parotid gland 3 2 (67) 1 (50)
Gingiva 3 2 (67) 1 (50)
Soft palate 1 1 (100) 1 (100)
Hard palate 1 1 (100) 1 (100)
Tongue 1 1 (100) 1 (100)
SDC Parotid gland 7 5(71) 3 (60)
Submandibular gland 1 0(0) 0 (0)
Total 55 48 (87) 26 (54)

PA pleomorphic adenoma, WT Warthin tumor, BCA basal cell adenoma, ACC adenoid cystic carcinoma,
MC mucoepidermoid carcinoma, SDC salivary duct carcinoma
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Table 2 Prostate-specific Intensity PA (%) WT (%) BCA (%) ACC (%) MC (%) SDC (%)
membrane antigen (PSMA) score
intensity score in tumors
2 5 (50) 0 (0) 6 (75) 3(33) 4 (44) 4 (50)
5 (50) 10 (100) 2 (25) 5(56) 3(33) 1(13)
0 0(0) 0(0) 1(11) 1(11) 2(22) 3(38)

PA pleomorphic adenoma, WT Warthin tumor, BCA basal cell adenoma, ACC adenoid cystic carcinoma,
MC mucoepidermoid carcinoma, SDC salivary duct carcinoma

Table 3 Prostate-specific

. Area score PA (%) WT (%) BCA (%) ACC (%) MC (%) SDC (%)
membrane antigen (PSMA) area
score for tumors 2 5(50 10 (100) 5 (56) 3(33) 3(33) 4 (50)
5 (50) 0(0) 3(33) 5 (56) 4 (44) 1(13)
0 0 (0) 0(0) 1(11) 1(11) 2(22) 3(38)

PA pleomorphic adenoma, WT Warthin tumor, BCA basal cell adenoma, ACC adenoid cystic carcinoma,
MC mucoepidermoid carcinoma, SDC salivary duct carcinoma

Fig.2 Immunohistochemical
findings of prostate-specific
membrane antigen (PSMA)

in pleomorphic adenoma (PA,
upper) and Warthin tumor (WT,
lower). Many cases show posi-
tive staining for myoepithelial
and luminal cells in PA. All
WTs show diffusely positive,
but faint, staining

BCA, ACC, and MC (89%, 89%, and 78%, respectively).
SDC had a relatively low positive ratio (67%). PSMA
expression was detected in both luminal and myoepithelial
cells in most of the cases; however, myoepithelial cells in PA
and BCA had stronger staining than luminal cells (Figs. 2, 3,
and 4). The proportion of tumors with a 2+ population score
was as follows: PA, 50%; WT, 100%; BCA, 56%; ACC, 33%;
MC, 33%; and SDC, 50% (Table 3). Considering the contrast
effect for PSMA-PET/CT, we evaluated the multiplication of
the intensity and population scores (Table 4). The higher the

score, the greater the contrast effect. The highest score of 4,
which was product of the intensity score 2 +and population
score 2+, was observed in 20% of PA, 56% of BCA, 22% of
ACC, 33% of MC, and 50% of SDC (Table 4). PA showed
multifocal positive staining, but the area of chondroid dif-
ferentiation was weakly positive or negative. All WT showed
a diffusely positive, faint reaction.

The positive ratio of the non-neoplastic area varied
(Table 5, Fig. 5). The minor salivary gland tended to show
a high percentage, while major salivary gland showed a
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Fig. 3 Immunohistochemical
findings of prostate-specific
membrane antigen (PSMA)

in basal cell adenoma (upper)
and adenoid cystic carcinoma
(lower). Many cases show posi-
tive staining for myoepithelial
and luminal cells

Fig.4 Immunohistochemical
findings of prostate-specific
membrane antigen (PSMA) in
mucoepidermoid carcinoma
(upper) and salivary duct carci-
noma (lower). Many cases show
positive staining for tumor cells

lower percentage. The positive ratio of tumor and adjacent =~ BCA, ACC, MC, and SDC, respectively”. (Tables 1 and
non-neoplastic salivary gland was 60% (6/10), 10% (1/10),  5). The proportion of WT, a benign tumor that mainly
75% (6/8), 63% (5/8), 1% (5/7), and 60% (3/5) for PA, WT,
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Table 4 Prostate-specific Intensity x  PA (%) WT (%) BCA (%) ACC (%) MC (%) SDC (%)
membrane antigen (PSMA) Area
intensity X area score for tumors

4 2 (20) 0 (0) 5(56) 2(22) 3(33) 4 (50)

2 6 (60) 10 (100) 1(13) 2(22) 1(11) 0(0)

1 2 (20) 00 2 (25) 4 (44) 3(33) 1(13)

0 00 00 1(11) 1(11) 2 (22) 3(38)

PA pleomorphic adenoma, WT Warthin tumor, BCA basal cell adenoma, ACC adenoid cystic carcinoma,
MC mucoepidermoid carcinoma, SDC; salivary duct carcinoma

Table 5 Positivity of prostate-specific membrane antigen (PSMA) in
the normal salivary glands

Location PSMA+ Total Positivity (%) No data
Parotid gland 14 33 42 9
Submandibular gland 2 3 67 1
Tongue 2 3 67 1
Soft palate 3 3 100 0
Gingiva 1 2 50 0
Oral floor 2 2 100 0
Hard palate 1 1 100 0
Buccal mucosa 1 1 100 0
26 48 59

Fig. 5 Immunohistochemical
findings of prostate-specific
membrane antigen (PSMA) in
the normal salivary glands: sub-
mandibular gland (upper) and
sublingual gland (lower). Many
cases show positive staining for
mucinous gland cells

developed in the parotid gland (serous gland), was signifi-
cantly low.

Discussion

The tubarial gland, recently discovered by Valstar et al., is
histopathologically considered to be a seromucinous gland
[5]. This newly identified minor salivary gland showed
positive accumulation in PSMA PET/CT scan, and PSMA
expression in this organ was identified immunohistologi-
cally [5]. Valstar et al. also described the positivity of the
parotid and submandibular glands in PSMA PET/CT scans
[5]. But there are few reports of it, and it might be premature
to define it as a new organ [6]. The tumors arising in these
salivary glands are expected to show PSMA expression, but
there are only a few reports describing the expression of
PSMA in the salivary gland tumors, except for ACC [7]. In
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contrast, positive accumulation in PSMA PET/CT scan has
been reported in a wide variety of tumors, including adeno-
carcinoma of the gastrointestinal tract [8—11], hepatocellular
carcinoma [12], thyroid cancer [13, 14], and renal cancer
[15]. In this study, we evaluated the expression of PSMA
in the benign and malignant salivary gland tumors and
tumor-adjacent normal salivary glands using immunohis-
tochemistry. Expression of PSMA was frequently detected
in both benign and malignant tumors, while only poorly in
the normal salivary glands, especially major salivary glands.
Cases in which PSMA was expressed in both tumor and
normal salivary glands were limited. These results suggest
that the salivary gland tumors can be detected by PSMA
PET/CT scan. The tumors with high intensity scores and
high population scores are expected to show more amplified
signals in PSMA PET/CT scans, but it is unclear whether
immunohistochemical results concur with those of PSMA
PET/CT scan. This is because the antibody used in this study
(3E6) was not used as the contrast agent ligand for PSMA
PET/CT scan (Fig. 1). However, the target of 3E6 is possibly
similar to that of 3E7, which has been used in the PSMA
PET/CT scan, and the relationship between immunohisto-
chemistry using 3E6 and PSMA PET/CT scan in prostatic
adenocarcinoma has been reported. Therefore, PSMA PET/
CT scans are likely to be used in the diagnosis of salivary
gland tumors [16].

Further, PSMA has attracted attention in radioligand ther-
apy or TAT, and in imaging to detect early metastasis in the
past few years [17]. Moreover, TAT is expected to be used as
a therapy against mCRPCa, because it is a lethal form of the
disease. Prostate cancers have been treated with a high dose-
rate remote after-loading system (RALS) since some time.
For mCRPCa, the treatment response has been predicted to
TAT involving radiolabeled PSMA inhibitors, such as a sig-
nificant delay in growth or DNA double-stranded breaks in
tumors. We demonstrated the expression of PSMA in benign
and malignant salivary gland tumors and the normal salivary
glands, along with TAT that is effective in these tumors.
As the normal salivary glands express PSMA, the function
of the salivary glands may be affected, and dysphagia or
xerostomia may be caused by TAT with PSMA [5]. These
side effects should be considered when patients present with
these symptoms.

In conclusion, we studied the immunohistochemical
reactivity of PSMA for the common benign and malignant
salivary gland tumors, along with analyses of the major
and minor salivary glands adjacent to the tumors. Several
benign (28 cases, 97%) and malignant tumors (20 cases,
77%) tested positive for PSMA, and the normal salivary
glands (26 cases, 59%) were also positive. Therefore, sali-
vary gland tumors have the potential to demonstrate accu-
mulation of PSMA PET/CT, especially BCA, ACC, MC,
and SDC. Moreover, we need to pay attention to the side
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effects of dysphagia and xerostomia as the radiolabeled
PSMA inhibitors used in TAT for mCRPCa may be effec-
tive in the normal salivary glands.
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