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Abstract

The expression pattern of tight junction proteins (TJPs) varies among organs and tumor types. In this study, we examined the
immunoreactivity of claudin (CLDN)-1, -4, and -7, and JAM-A in salivary gland tumors (SGTs) by histological types and
cell types to estimate their usefulness as differential diagnostic markers. Immunoreactivity of CLDN1 was higher in ductal
epithelium cells of SGTs than in non-tumor tissues. Conversely, immunoreactivity of CLDN1 was significantly decreased
in basal/myoepithelium cells of SGTs compared with that in non-tumor tissues. There was no significant difference between
the immunoreactivity of CLDNI in benign tumors and that in malignant tumors. Immunoreactivity of CLDN4, CLDN7,
and JAM-A in ductal epithelium cells was higher in many SGTs than in non-tumor tissues. There was a difference depend-
ing on the histological type of SGT in immunoreactivity of CLDN4, CLDN7, and JAM-A in basaloid/myoepithelial cells.
It was possible to classify SGTs by a hierarchical clustering using immunoreactivity of TJPs. The results suggest that an
immunohistochemical marker panel including these TJPs may be useful for differential diagnosis of SGTs and that CLDN1
is associated with tumorigenesis of SGTs.
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Introduction

Tight junctions (TJs) are intercellular junctions adjacent to
the apicalmost paracellular spaces in mammalian epithelial
and endothelial cells, and they regulate cell polarity and
paracellular transport of ions and solutes [1, 2]. TJs consist
of various combinations of claudins (CLDNs), occludin, tri-
cellulin, and junctional adhesion molecules (JAMs). These
combinations exhibit complex tissue- and cell-specific pat-
terns of expression [3]. The CLDN family comprises crucial

Tomoyuki Aoyama and Akira Takasawa have contributed equally
to this work.

< Masaki Murata
mmurata@sapmed.ac.jp

Department of Pathology, Sapporo Medical University
School of Medicine, S1. W17, Sapporo 060-8556, Japan

Department of Surgical Pathology, Sapporo Medical
University School of Medicine, Sapporo, Japan

Department of Otolaryngology, Sapporo Medical University
School of Medicine, Sapporo, Japan

structural and functional components of TJs. In mammals,
the CLDN family consists of 27 members. The JAM fam-
ily is one of the families of proteins in the immunoglobu-
lin superfamily. JAM-A is involved in the barrier function
of TJs in epithelial and endothelial cells, and plays a role
in regulation of leukocyte transendothelial migration and
angiogenesis [4].

TIJs also play a role in the control of homeostasis involv-
ing cell growth, differentiation, and apoptosis via various
signal transduction [5]. The tissue- and cell-specific expres-
sion pattern of TJ proteins (TJPs) determines these functions.
Dysfunction of TJs is closely associated with many diseases
[6]. Carcinogenesis is accompanied by the disruption or loss
of functional TJs. Aberrant expression and abnormal locali-
zation of TJPs have been reported in various carcinomas,
and unique CLDN composition is characteristic of various
cancerous tissues [6, 7]. It has been shown that expression
patterns of CLDN1, 4, and 7 are altered in various carci-
nomas [6]. TIPs such as CLDN3, CLDN4, and JAM-A are
considered to be promising targets for molecularly targeted
therapy [8—11]. Clostridium perfringens enterotoxin (CPE)
triggers cell death by binding to the second extracellular
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loop of CLDN3 and CLDN4 [12, 13]. Xenograft tumors,
including pancreas, breast, ovarian, uterine, and prostate
cancers, in immunocompromised mice can be treated with
CPE [14-18]. Examining the expression pattern of TJPs for
each histological type of various tumors is important for the
development of future molecularly targeted therapies.

Salivary gland tumors (SGTs) are relatively rare with an
incidence of about 2.5-3 people per 100,000 people a year
[19]. The parotid glands are the most popular as the primary
lesion, in addition to the submandibular glands, sublingual
glands, and also the minor salivary glands. About 70-80% of
SGTs are benign tumors. Pleomorphic adenoma is the most
common benign tumor and mucoepidermoid carcinoma is
the most common malignant tumor. Malignant SGTs are
often asymptomatic and are not diagnosed or treated until
they reach an advanced stage. SGTs have very diverse and
frequently overlapping histological types such as one-cell-
type tumors (myoepithelioma, mucoepidermoid carcinoma,
etc.) and more-than-one-cell-type tumors (pleomorphic
adenoma, Warthin tumor, etc.). Moreover, many metaplastic
changes (clear cell metaplasia, squamous metaplasia, onco-
cytic change, etc.) can occur in most of the tumor types.
Although the early diagnosis and treatment are important for
reducing the rate of mortality from malignant SGTs, these
various histological findings also make the early diagnosis
difficult.

In salivary glands, TJs provide a barrier between the
extracellular environment and the glandular lumen that is
critical for normal acini functions, including the mainte-
nance of cell polarity and normal paracellular transportation
of ions and solutes [20, 21]. There have been several reports
on the expression of TJPs in non-tumorous salivary gland
tissues such as those in patients with Sjogren’s syndrome
[22-28]. CLDN1, 2, 3, 4, and 16, occludin, and JAM-A are
expressed in human major salivary glands, and CLDNI1, 3,
4,7, and 11 are expressed in human minor salivary glands.
However, there have been very few studies on the expression
of TJPs in SGTs, and immunohistological characteristics of
each histological type or each cell type have not been eluci-
dated [29, 30]. In this study, we focused on CLDN1, 4, and 7
and JAM-A expression, because these proteins are frequently
expressed in a monolayer epithelium and the expression pat-
terns of these proteins are altered in various carcinomas. The
expression of TJIPs (CLDN1, 4, and 7 and JAM-A) in SGTs
was examined immunohistochemically, and the expression
and localization of the TJPs in non-tumor tissues and various
tumor tissues according to histological types and cell types
were clarified.
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Materials and methods
Case selection of surgical specimens

Specimens of 77 cases of SGTs obtained by surgical resec-
tions during the period from 2005 to 2014 were retrieved
from the pathology file of Sapporo Medical University
Hospital, Sapporo, Japan. Written informed consent was
obtained from all patients for pathological assessment
of their specimens, and the ethics committee of Sapporo
Medical University School of Medicine approved the pre-
sent study (Approval number: #282-244). Patient charac-
teristics and clinicopathological characteristics are sum-
marized in Table 1. The study population of 77 patients
included 36 male and 41 female patients with ages rang-
ing from 20 to 82 years. The median age of the patients
was 60.5 years. The anatomical locations of the tumors
were parotid gland in 60 patients, submandibular site in 13
patients, salivary gland in 13 patients, accessory parotid
gland in 1 patient, and parapharyngeal space in 1 patient.
The SGT specimens included 21 cases of pleomorphic
adenoma (PA), 4 cases of myoepithelioma (Mye), 8 cases
of basal cell adenoma (BCA), 21 cases of Warthin tumor
(WT), 9 cases of mucoepidermoid carcinoma (MEC),
4 cases of adenoid cystic carcinoma (AdCC), 1 case of
epithelial myoepithelial carcinoma (EMyC), 6 cases of
salivary duct carcinoma (SDC), and 3 cases of myoepi-
thelial carcinoma (MyC). EMyC, SDC, and Myc include
carcinoma ex pleomorphic adenoma. As controls, adjacent
interlobular ducts of non-neoplastic regions in some of
the PAs and WTs were examined as non-tumor “Non-T”
(n=40). Since some histological change may be seen in
the tissue adjacent to a tumor, we chose areas not adjacent
to the tumor and areas without inflammation as non-tumor
areas. The histological type was based on the WHO clas-
sification of head and neck tumors (4th edition) [19]. All
slides were independently evaluated by two pathologists
(TA and MM). Discordant cases were discussed, and a
consensus was reached. Informed consent was obtained
from all patients.

Immunohistochemical staging of surgical specimens

The H&E slides of all cases were reviewed. To exclude
the possibility of histological heterogeneity of SGTs, we
selected representative sections that exhibit typical histo-
logical findings. New sections from paraffin blocks were
examined by the labeled polymer method using the Dako
REAL™ EnVision™ Detection System (Dako ChemMate,
Glostrup, Denmark) and diaminobenzidine (Dako Labora-
tories, Carpentaria, CA, USA) as a chromogen according
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Table 1 Clinicopathological features of salivary gland tumors
Histological type Number of Age median (range) Sex Location of mass
cases Male Female
Non-tumor® (Non-T) 40 60.5 (20-82) 21 19 Parapharyngeal space 1
Parotid gland 33
Submandibular 6
Pleomorphic adenoma (PA) 21 50.4 (20-82) 9 12 Parapharyngeal space
Parotid gland 13
Submandibular 7
Myoepithelioma (Mye) 4 50.5 (27-72) 0 4 Accessory parotid gland 1
Parotid gland 3
Basal cell adenoma (BCA) 8 62.0 (43-77) 2 Parotid gland 8
Warthin tumor (WT) 21 62.0 (45-79) 13 Parotid gland 21
Mucoepidermoid carcinoma (MEC) 9 65.0 (45-79) 1 Parotid gland 6
Submandibular 3
Adenoid cystic carcinoma (AdCC) 4 57.5 (36-73) 3 1 Parotid gland 2
Submandibular 2
Epithelial myoepithelial carcinoma® (EMyC) 1 59 0 1 Parotid gland 1
Salivary duct carcinoma® (SDC) 6 58.5 (55-77) 6 0 Parotid gland 4
Submandibular 2
Myoepithelial carcinoma® (MyC) 3 48.0 (34-48) 2 1 Parotid gland 2
Submandibular 1

#The interlobular ducts in non-neoplastic regions of Pleomorphic adenoma and Warthin tumor

®Including carcinoma ex pleomorphic adenoma

to the manufacturer’s instructions. Sections were dewaxed,
rehydrated, and moistened with phosphate-buttered saline
(PBS) (pH 7.4), and then pretreated in an autoclave at
121 °C for 5 min in 10 mmol/I citrate buffer (pH 6.0), fol-
lowed by 30-min incubation with antibodies to the follow-
ing antigens in an automated immunostaining system (Dako
Autostainer; Dako, Carpinteria, California, USA): CLDN-1
(Invitrogen, No.51-9000, x100), CLDN-4 (Invitrogen,
No0.32-9400 % 100), CLDN-7 (IBL, No.18875, x 100), and
JAM-A (Abcam, No. ab52647, x 200). We stained all 77
cases at the same time for each antibody. For evaluation of
localization (immunopositive areas in the cells), we used
the categories cytoplasm (C), cell membrane (M), and only
TJ areas (TJ). When positive staining in two or more areas
was observed, we assessed the area of strongest intensity as
the main localization for statistical analysis. The intensity
of staining was assessed as strong (3; c.f. Fig. 1, CLDN7 In
ductal epithelium cells of Non-T), moderate (2; c.f. Fig. 1,
CLDN4 In ductal epithelium cells of Non-T), weak (1; c.f.
Fig. 1, JAM-A In basal/myoepithelium cells of EMyC) or
negative (0; c.f. Fig. 1, and CLDN4 In basal/myoepithe-
lium cells of PA). The proportions of positively stained
tumor cells were recorded as 0 (no staining), 1 (1-10%), 2
(11-50%), 3 (51-80%), and 4 (81-100%). Since neoplasm
heterogeneity caused various immunoreactivities in the
cases, we used an immunoreactive score (IRS) (i.e., inten-
sity 3 X proportion 4 =immunoreactive score 12, scale of

0-12) for improvement in accuracy [31, 32]. This method
is semiquantitative.

Histologically, a salivary gland basically comprises ducts
and acini. Ducts in salivary gland were divided into inter-
calated ducts, striated ducts, and interlobular ducts. These
ducts consist of three types of cells: ductal epithelium,
myoepithelial, and basal cells. Ductal epithelium cells are
present at the luminal side of the duct structure. In contrast,
myoepithelial and basal cells are located on the basement
membrane side surrounding the luminal cells. Therefore,
we evaluated the CLDNs and JAM-A immunoreactivities
of SGT cells as ductal epithelium cells and basal/myoepi-
thelium cells separately. We used p63 for marker of basal/
myoepithelium cells (data not shown). To visualize the rela-
tionship between expression pattern of TJPs and cell types,
we performed an agglomerative hierarchical clustering using
IRS and localization of each of the CLDNs and JAM-A.

Statistics

The IRSs were compared among the groups by the
Kruskal-Wallis test, followed by the Wilcoxon analyses for
comparisons of their groups. p values were corrected for multi-
ple comparisons using the Bonferroni method when appropri-
ate. The levels of statistical significance were set at p <0.05,
p<0.01, and p<0.001. All statistical analyses were carried
out using the statistical software ‘EZR’ (Easy R) (Division
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Fig. 1 Immunohistochemistry
of human salivary gland sam-
ples. Paraffin-embedded sec-
tions of human tissue samples
were subjected to immunohisto-
chemical staining for CLDNI1,
CLDN4, CLDN7, and JAM-A,
as well as hematoxylin and
eosin (HE) staining. Sections
were observed under a light
microscope, and representative
images are shown here. Bar:
100 um. The inset in the lower
left is a higher magnified view.
D ductal epithelium cells, B
basal/myoepithelium cells

of Hematology, Saitama Medical Center, Jichi Medical Uni-
versity, Saitama, Japan). Agglomerative hierarchical cluster-
ing was performed using BellCurve for Excel (Social Survey
Research Information Co., Ltd., Tokyo, Japan). Euclidean
distance was selected as a measure of dissimilarity and the
Ward’s method was used for cluster definition. A heat map
was displayed using Microsoft Excel 2013.
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Results

Expression patterns of TJPs according to histological
types of SGTs

Representative images of immunohistochemical staining for
TJPs in each histological type are shown in Fig. 1. Immuno-
reactivity of each TJP was assessed by the IRS. The average
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Fig.3 Localization of TJPs in human salivary gland samples. Assess-
ments of localization (immunopositive areas in the cells) were

shown in the graph. *p <0.001

divided into cytoplasm (C), cell membrane (M), and only TJ areas
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Fig.4 Schema of subcellular localizations of TJPs in salivary gland
tumors. Schematic distribution of CLDNI1, 4, and 7 and JAM-A by
histological types of salivary gland tumors. Blue dots and brown lines
correspond to localization at TJs and basolateral cell membranes,
respectively. The cytoplasm was expressed by painting with green.

IRSs are shown in Fig. 2. The ratio of the localization of
TJPs is shown in Fig. 3. In Fig. 4, the expression patterns
of TJPs according to histological types of human SGTs are
shown as a schema summarizing the above results.

CLDN1

In ductal epithelium cells, IRS of SGTs was higher than
that of Non-T. Statistically significant differences were
seen in IRS of SGTs except for AACC and EMyC. In Non-
T, CLDNI1 localized similarly in TJ areas and in the cell
membrane. In PA, WT, MEC, EMyC, and SDC, CLDN1
localized mainly in the cell membrane. In AACC, CLDNI1
localized only in the TJ areas.

In basaloid/myoepithelial cells, IRS of WT was signifi-
cantly increased. IRS of PA and AdCC was significantly
decreased and IRS of the other SGTs tended to be decrease.
CLDNI1 localized in the cell membrane in non-T and all
SGTs.

CLDN4

In ductal epithelium cells, IRS of SGTs was higher than that
of Non-T. Statistically significant differences were seen in
IRS of PA, WT, and SDC. In Non-T and AdCC, CLDN4
localized in TJ areas. In BCA, CLDN4 localized similarly
in TJ areas and in the cell membrane. In the other SDTs,
CLDN4 localized mainly in the cell membrane.

In basaloid/myoepithelial cells, IRS of Mye and MyC was
significantly increased. IRS was low in Non-T and WT. No
expression was seen in BCA, AdCC, and EMyC. CLDN4
localized mainly in the cell membrane in non-T and SGTs.
In Mye, CLDN4 also localized in the cytoplasm.
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The intensity of staining is indicated by brightness of color or size of
dot. The proportions of positively stained tumor cells are indicated by
the number of colored cells: 0 (no staining), 1 (1-10%), 2 (11-50%),
3 (51-80%), and 4 (81-100%)

CLDN7

In ductal epithelium cells, IRS of SGTs was higher than that
of Non-T. A statistically significant difference was seen in
IRS of WT. In Non-T, BCA, and AdCC, CLDN?7 localized in
TJ areas and the cell membrane. In the other SDTs, CLDN7
localized mainly in cell membrane.

In basaloid/myoepithelial cells, IRS of Mye, WT, and
MyC was higher than that of Non-T. A statistically signifi-
cant difference was seen in IRS of Mye and WT. No expres-
sion was seen in BCA, AdCC, and EMyC. CLDN7 localized
in the cell membrane in non-T, Mye, WT, and MyC.

JAM-A

In ductal epithelium cells, IRS of SGTs was higher than that
of Non-T. A statistically significant difference was seen in
IRS of WT and SDC. In Non-T, BCA, AdCC, and EMyC,
JAM-A localized mainly in TJ areas. In PA and WT, JAM-A
localized in TJ areas and in the cell membrane. In MEC and
SDC, JAM-A localized in the cell membrane.

In basaloid/myoepithelial cells, IRS of Mye, WT, and
MyC was higher than that of Non-T. A statistically signifi-
cant difference was seen in IRS of WT. IRS of PA was sig-
nificantly decreased. No expression was seen in AdCC and
EMyC. JAM-A localized in the cell membrane.

Hierarchical clustering using IRS and localization
of TJPs

When considering the above results by cell types, similarity
was observed in the expression pattern of TJPs in terms of
IRS and localization. We, therefore, performed cluster analy-
sis of IRS and localization using a hierarchic agglomerative
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«Fig.5 Hierarchical clustering using IRS and localization of TJPs.
Hierarchical clustering of salivary gland tumors and interlobular
ducts using IRS and localization of each of the CLDNs (1, 4, and 7)
and JAM-A. Localization of TJPs is shown on the left side of the den-
drogram. Localization is indicated by only TJ areas (red), cell mem-
brane (light green), cytoplasm (light blue), and not detected (white).
IRSs of TJPs are shown by a heat map on the left side of the localiza-
tion. Each colored square in the heat map represents the relative mean
transcript abundance for each sample, with highest expression shown
in yellow and lowest expression shown in dark blue. Histological
types and cell types are shown on the left side of the heat map

method. We used Ward’s method for dendrogram classifica-
tion with squared Euclidean distance measures. Six different
clusters formed by Non-T and SGTs, which we named clus-
ters A—F, were obtained from this cluster analysis (Fig. 5).
Almost all of the SGT cells could be distinguished from
Non-T by hierarchical clustering (Fig. 5; Table 2).

The ductal epithelium cells of Non-T were mainly clus-
tered in cluster E (31/40). Cluster E was found to have mod-
erate IRS of CLDN7 and JAM-A and low IRS of CLDN1
and CLDN4. The ductal epithelium cells of SGTs were
mainly clustered in clusters A (20/70) and B (43/70). Clus-
ter A was found to have high/moderate IRS of TJPs. Cluster
A consisted of ductal epithelium cells of AACC (4/4), BCA
(3/8), and PA (10/21). Cluster B was found to have high
IRS of TJPs. Cluster B consisted of ductal epithelium cells
of BCA (3/8), EMyC (1/1), PA (11/21), SDC (5/6), and WT
(21/21).

The basal/myoepithelium cells of Non-T (29/40) were
mainly clustered in cluster C. The basal/myoepithelium cells
of BCA (6/8) were also clustered in cluster C. Cluster C
was found to have high/moderate IRS of CLDN1, moderate
IRS of JAM-A, and low IRS of CLDN4 and CLDN7. The
basal/myoepithelium cells of SGTs were mainly clustered
in clusters D (23/62) and F (27/62). Cluster D was found to
have high IRS of CLDN7 and JAM-A, high/moderate IRS
of CLDNI1, and low IRS of CLDN4. Cluster D consisted of
ductal epithelium cells of Mye (2/4) and WT (20/21). Being
unusual for ductal epithelium cells, the ductal epithelium
cells of MEC (5/9) was clustered in cluster D. Cluster F
was found to have low IRS of TJPs. Cluster F consisted of
ductal epithelium cells of AdCC (4/4), EMyC (1/1), and PA
(20/21).

Comparison of IRSs in benign tumors and malignant
tumors

We compared the IRS of TJPs in benign tumors (PA, Mye,
BCA, and WT) and malignant tumors (MEC, AdCC, EMyC,
SDC, and MyC) (Fig. 6).

Although IRS of CLDNI1 was increased in ductal/epi-
thelial cells of tumors compared with that in Non-T, there
was no significant difference between benign tumors

and malignant tumors. IRS of CLDN1 was significantly
decreased in basal/myoepithelium cells of tumors compared
with that in Non-T. Although there was no significant differ-
ence between benign tumors and malignant tumors, IRS of
CLDNI1 tended to be decreased.

IRS of CLDN4 was increased in ductal/epithelial cells of
benign tumors compared with that in Non-T. In malignant
tumors, IRS of CLDN4 was decreased compared with that
in benign tumors.

There was no significant difference in the IRS of CLDN7
and that of JAM-A.

Discussion

Alteration in the expression of TJPs and mislocalization of
TIPs were observed in the SGTs. Almost all of the SGT cells
(clusters A, B, D, and F) could be distinguished from Non-T
cells (clusters C and E) by the expression pattern of TJPs
by agglomerative hierarchical clustering. Ductal epithelium
cells (clusters A, B, and E) could also be distinguished from
basal/myoepithelium cells (clusters C, D, and F). For ductal
epithelium cells, Non-T was classified as the low IRS clus-
ter (cluster E) and SGTs were classified as middle and high
IRS clusters (cluster A and B). On the other hand, for basal/
myoepithelium cells, Non-T was classified as the middle IRS
cluster (cluster C) and SGTs were classified as high and low
IRS clusters (cluster D and F). For localization of TJPs in
ductal epithelium cells, TJPs were mostly localized in TJ
areas in Non-T. On the other hand, TIPs were mostly local-
ized in the cell membrane in SDTs. Our results suggested
that the expression of TJPs has a relationship with tumori-
genesis of SGTs and that an immunohistochemical panel of
TJPs may be a useful diagnostic marker of SDTs. No previ-
ous study has shown classification of SGTs using the expres-
sion pattern of TJPs. Our results provide information that
will become the basis of TJP study of SGTs in the future.

From the results shown in Fig. 6, it is thought that
CLDNT1 is strongly involved in tumorigenesis of SGTs. It
was reported that CLDNI1 is associated with tumorigenesis
and carcinogenesis in various organs including the stomach,
colon, breast, liver, lung, and thyroid [33—47]. The altered
expression of CLDN1 plays different roles in a tissue-spe-
cific manner, such as regulating anoikis, induction of EMT
and suppression/inhibition of cell migration, invasion, and
metastasis. In our study, in ductal epithelium cells, the IRS
of CLDN1 was increased in SDTs compared with that in
Non-T. On the other hand, in basal/myoepithelium cells, the
IRS of CLDN1 was decreased in SGTs compared with that
in Non-T. The results suggested that CLDN1 may play dif-
ferent roles depending on the cell type in SGTs. To clarify
the role of CLDNI1 in SGTs, further in vitro investigation
is necessary.
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Table 2 Number of histological

types in each cluster Cluster Total
A B C D E F

Ductal epithelium cells
Adenoid cystic carcinoma 4 0 0 0 0 0 4
Basal cell adenoma 3 3 1 0 1 0 8
Epithelial myoepithelial carcinoma 0 1 0 0 0 0 1
Mucoepidermoid carcinoma 2 2 0 5 0 0 9
Pleomorphic adenoma 10 11 0 0 0 0 21
Salivary duct carcinoma 1 5 0 0 0 0 6
Warthin tumor 0 21 0 0 0 0 21
Tumor 20 43 1 5 1 0 21
Non-tumor 5 1 1 2 31 0 40

Basal/myoepithelium cells
Adenoid cyctic carcinoma 0 0 0 0 0 4 4
Basal cell adenoma 0 0 6 0 0 2 8
Epithelial myoepithelial carcinoma 0 0 0 0 0 1 1
Myoepithelial carcinoma 0 0 1 1 1 0 3
Myoepithelioma 1 1 0 2 0 0 4
Pleomorphic adenoma 0 0 0 0 1 20 21
Warthin tumor 0 0 1 20 0 0 21
Tumor 1 1 8 23 2 27 21
Non-tumor 1 0 29 8 1 1 40

Total 27 45 39 38 35 28

Expression of TJPs tended to be increased in ductal epi-
thelium cells of tumors compared to that of Non-T. The
increased expression levels of TIPs such as CLDN4 and
JAM-A in the apical sides of tumor cells are thought to be
promising targets for molecularly targeted therapy [8-11, 47,
48]. CLDN4 expression was increased in ductal epithelium
cells of tumors except MEC. CLDN4 expression in MEC
was the same as that in Non-T as was previously reported
[29]. Immunostaining of CLDN4 was observed mainly on
the cell membranes in tumors except for AACC, whereas it
was mainly observed at the TJ area in Non-T. Although CPE
induced cytotoxicity in cancer cells immunolocalized with
CLDN4 on the cell membranes, CPE-mediated cytotoxicity
was barely detected in normal epithelial cells immunolo-
calized with CLDN4 in TJ areas [18]. Therefore, targeted
therapy using CPE might be effective for SGTs. JAM-A is
also highly expressed in ductal epithelium cells of tumors.
JAM-A might, therefore, become a target of antibody ther-
apy for malignant SGTs. CLDN4 expression was increased
in ductal epithelium cells of all tumors in this study. It was
previously reported that staining for CLDN1 was weak in
MEC except for areas of epidermoid differentiation in low-
grade MEC compared with that in normal salivary glands
[29]. However, it was found in that study that CLDN1 was
stained weakly at the luminal side of Non-T as was observed
in the present study. When comparing on the luminal side
only, CLDNI expression is increased in MEC.
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Expression of TJPs tended to be dispersed in basal/
myoepithelium cells according to histological types. In PA,
BCA, AdCC, and EMyC, expression of CLDN4 and CLDN7
was not observed in basal/myoepithelium cells. In addi-
tion, expression of JAM-A was not observed in AdCC and
EMyC. Although expression levels of TJPs tended to be low
in basal/myoepithelium cells of these tumors, high immuno-
reactivity of CLDN1, CLDN7, and JAM-A was observed in
WT, Mye, and Myc. This expression pattern of basal/myoep-
ithelium cells is the same as that of ductal epithelium cells of
MEC and SDC. To understand this similarity, it is important
to further examine each cell type individually. Expression
of CLDN4 was increased compared to that of Non-T in one-
cell-type tumors regardless of cell type. Targeted therapy for
CLDN4 might also be effective for these tumors.

It has been reported that gene levels and protein expres-
sion of CLDN4 were shown to be higher in the order of
normal salivary gland tissue, benign SGTs (PA and WT)
and malignant SGTs (MEC and AdCC) by real-time PCR
and immunohistochemistry [30]. In the present study, IRS
of CLDN4 in non-tumor areas was lower than that in benign
tumors. The immunoreactivity for CLDN4 might be differ-
ent, because the antibody used in that study was different
from that used in the present study. In addition, although we
used interlobular ducts as non-tumor tissues, ductal and aci-
nar cells were evaluated as control in that study. Therefore,
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the evaluation of CLDN4 in non-tumor tissues might be dif-
ferent from that in the present study.

There was difference between the localization of TJPs in
non-tumor cells and that in tumor cells. Immunostaining of
TJPs was commonly observed at TJ areas in non-tumor cells.

On the other hand, immunostaining of TJPs was observed
at cell membranes in many cases of human SGTs. TJPs,
including CLDNs, have many functions as signaling mol-
ecules in cell physiology and pathology [7]. Mislocalization
of these molecules may cause some dysfunction in cells.
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Although there have been many reports about the expres-
sion levels of TJPs in human carcinoma tissues, there have
been only a few reports about mislocalization of TJPs in
human carcinoma tissues [7, 37, 47, 49, 50]. Clarification
of the relationship between the mislocalization of TJPs and
dysfunction in tumor cells is important for understanding
the nature of the tumors.
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