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Abstract
Claudins are integral to the structure and function of tight junctions. Altered claudin expression has been shown to affect 
disease behavior and patient prognosis in various neoplasms. The objectives of this study were to analyze the claudin-1, -4 
and -7 expression in odontogenic tumors and characterize their expression pattern in distinct tumor cell types in relation 
to the recurrence potential. Sixty-nine cases of odontogenic tumors, including 43 ameloblastomas (AM), 17 adenomatoid 
odontogenic tumors (AOT), 6 ameloblastic fibromas (AF) and 3 ameloblastic carcinomas (AC) were investigated for clau-
din-1, -4 and -7 expression immunohistochemically. The staining was analyzed semi-quantitatively and categorized into 4 
levels, based on the percentage of positively stained neoplastic epithelial cells. Claudin-1 was expressed in all AOT and AF 
cases, whereas most AC (66.7%) showed no expression. The claudin-1 staining was moderate-to-intense in the odontogenic 
epithelium of AF. In contrast, its staining of ameloblast-like cells and stellate reticulum-like cells in AM was weak. Claudin-7 
expression was noted in all tumor types studied, while the expression of claudin-4 was limited and mainly localized in the 
squamous differentiated cells of AM and AC. AM showed significantly higher claudin-4, but lower claudin-7 expression 
than AOT. In addition, AC showed diminished claudin-1 immunoreactivity, compared to AOT. Low claudin-1 expression 
in AM was significantly associated with the increased clinical recurrence. The loss of claudin-1 may underlie the locally 
invasive nature of AM.
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Introduction

Differentiated epithelial cells are characterized by their 
ability to form polarity architecture and cell–cell adhesion. 
These features help create a protective barrier between inter-
nal human tissues and surrounding environment. At the most 
apical portion, tight junctions (zonula occludens) serve this 
property by regulating the diffusion of ions and molecules 
along paracellular channels [1]. Emerging studies have 

shown that tight junction is also involved in the intracellular 
signaling and regulation of the epithelial cell proliferation, 
polarity and differentiation [2].

Tight junctions are composed of 3 transmembrane com-
ponents, i.e., claudins, occludins and junctional adhesion 
molecules. Claudins are the major transmembrane proteins, 
inherent to the structure and function of tight junctions. They 
localize exclusively on tight junctions and form the indis-
pensable backbone of tight junctions by creating intercel-
lular sealing strands. In addition, zona occludens combine 
with other intracellular membrane proteins to help construct 
frameworks connecting these transmembrane proteins with 
the actin cytoskeleton. To date, 27 claudin members are 
identified in mammals [3]. They show diverse expression 
pattern among different cell types and tissues. Some clau-
din members are expressed solely in specific cell or tissue 
types. Epithelial cells typically express multiple claudins 
and different claudin combinations influence the tight junc-
tion formation. In addition, claudins may interact with other 
proteins and participate in the cell–cell and cell-extracellular 
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matrix communication to control cellular proliferation and 
migration [4].

Dysregulation of claudin expression has been docu-
mented in various epithelial neoplasms and associated 
with the altered tumor behavior and patient prognosis [5, 
6]. Recent data substantiate the functionally related, albeit 
diverse roles of differential claudin expression in tumorigen-
esis. In breast carcinomas [7, 8] and esophageal squamous 
cell carcinoma [9, 10], the diminished expression of clau-
din-1 was associated with the increased tumor recurrence, 
and the claudin-7 loss was correlated with their enhanced 
metastasis potential. In addition, the decreased claudin-1 and 
claudin-7 expression was noted in the higher grade of pros-
tatic adenocarcinoma [11]. In other cancers, including colon 
adenocarcinoma, cervical and oral squamous cell carcinoma, 
claudin-1 was shown to overexpress and associate with the 
aggressive cancer phenotypes [12–14]. In addition, studies 
showed that the upregulation of claudin-4 was correlated 
with poor clinical outcomes in endometrial and gastric ade-
nocarcinoma [15, 16]. The expression of these proteins also 
showed differential expression pattern in distinct neoplastic 
subtypes of the same tumor [5].

Odontogenic tumors constitute a unique group of benign 
and malignant neoplasms arising from the epithelium and/
or ectomesenchyme of developing dental apparatus. They 
often show varying histopathologic subtypes and diverse 
clinical behavior. Ameloblastoma (AM), the most common 
clinically significant odontogenic tumor, is composed of 
neoplastic ameloblast-like cells and stellate reticulum-like 
cells reminiscent to those of enamel organ. It demonstrates 
various histopathologic patterns and is known to behave in a 
locally aggressive manner with a relatively high recurrence 
rate [17]. Its malignant counterpart, the ameloblastic carci-
noma (AC), is a rare entity with frequent metastasis [18]. 
In contrast, adenomatoid odontogenic tumor (AOT) poses 
excellent prognosis without recurrence. Neoplastic epithe-
lial cells in (AOT), are entirely encapsulated and arrange in 
distinct duct-like structures, whorled mass and spindle epi-
thelial strands [19]. Ameloblastic fibroma (AF) represents 
a true mixed odontogenic epithelial and ectomesenchymal 
neoplasm with varying clinical behavior [20].

A previously study reported the strong claudin-1 and 
claudin-7 expression in enamel organs and ameloblasts of 
developing human tooth, while claudin-4 demonstrated weak 
expression, mainly limited to the outer enamel epithelium. In 
contrast, their expression in ameloblastoma was noted pri-
marily in the stellate reticulum-like cells and squamous dif-
ferentiation area [21]. In addition, claudins was differentially 
expressed in the lining of odontogenic keratocyst, dentiger-
ous cyst and radicular cyst [22]. These data suggested that 
claudins may play a role during the normal odontogenesis as 
well as the development of odontogenic tumors. To the best 
of our knowledge, the expression of claudins has not been 

studied in other types of odontogenic tumors. Therefore, the 
objectives of this study were to comparatively analyze the 
claudin-1, -4 and -7 expression in different types of odon-
togenic tumors and characterize their expression pattern in 
distinct tumor cell types together with the association with 
tumor recurrence.

Materials and Methods

Tissue Samples

Sixty-nine cases of odontogenic tumors, including 43 
ameloblastomas (AM), 17 adenomatoid odontogenic tumors 
(AOT), 6 ameloblastic fibromas (AF) and 3 ameloblastic 
carcinomas (AC) were included. All microscopic sections 
were re-examined to confirm the diagnosis, based on the 
World Health Organization criteria. Patient information, 
including age, sex and anatomical site, was recorded. The 
study was approved by the local Human Research Ethics 
Committee.

Immunohistochemical Methods

The immunohistochemical staining was performed with 
Leica Microsystems Bond-Max Autostainer. The 5-µm 
thick sections were deparaffinized with Bond Dewax Solu-
tion. The antigen retrieval was performed for claudin-1 
and -7 staining by incubating slides with the Bond Epitope 
Retrieval Solution 2 for 30 min at 95 °C. For claudin-4 stain-
ing, slides were incubated with the Bond Epitope Retrieval 
Solution 1 for 20 min at 95 °C.

The primary antibodies used were the polyclonal anti-
claudin-1 (1:200 dilution), monoclonal anti-claudin-4 (1:500 
dilution) and monoclonal anti-claudin-7 (1:500 dilution) 
antibodies (Invitrogen, Camarillo, CA). The immunohisto-
chemical procedure was performed using the Bond Polymer 
Refine Detection kit (Leica Microsystems). A 3% hydrogen 
peroxide was then applied for 5 min. The primary antibod-
ies were applied at room temperature for 50 min, followed 
by 12-min incubations with the Post Primary Polymer and 
the Polymer Poly-HRP IgG, respectively. The sections were 
reacted with diaminobenzidine for 3 min and counterstained 
with hematoxylin. The Bond Wash Solution was used to 
rinse between each step. As positive controls, colonic 
mucosa samples were used. Negative controls were prepared 
using isotype-matched antibodies.

Immunostaining Assessment and Statistical 
Analysis

The immunohistochemical assessment was performed and 
agreed upon by two pathologists who were blinded to all 
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patient clinical data. The positive immunoreactivity local-
ized at the plasma membrane of neoplastic cells was evalu-
ated. Overall, the percentage of positive neoplastic cells 
was semi-quantitatively assessed and categorized into one 
of the following groups: 0 = no positive cells; 1 + = posi-
tive cells detected ≤ 25% of tumor; 2 + = positive cells 
detected between 26 and 50% of tumor; 3 + = positive cells 
detected between 51 and 75% of tumor and 4 + = positive 
cells detected more than 75%. For distinct comparison, the 
expression levels were further grouped into low expression 
(levels 0 and 1 +) and high expression (levels 2 + , 3 + and 
4 +). The staining intensity was examined in each tumor cell 
type and classified into four levels: level 0 = no staining; 
level + = mild staining; level ++ = moderate staining and 
level +++ = intense staining.

The results were statistically analyzed using the IBM 
SPSS Statistics version 22 (IBM Corporation, NY) for 
Windows. The continuous variables were expressed as 
means + standard deviation (SD). Comparative analyses of 
different claudin expression among groups were performed 
using Kruskal–Wallis test, followed by post hoc pairwise 
comparison using the Bonferroni method. The Mann–Whit-
ney U test was used to analyze the association between 

claudin expression and recurrence status of ameloblastoma 
patients. Correlations among claudin expression levels were 
examined with Spearman’s correlation coefficient. A P value 
less than 0.05 was considered statistically significant.

Results

Characteristics of 69 patients enrolled were presented in 
Table 1. The average age of AM, AOT, AF and AC patients 
were 36.9 ± 17.8, 21.4 ± 12.9, 14.8 ± 6.5 and 28.7 ± 5.5 years, 
respectively. The male-to-female ratios of respective lesions 
were 1:1.4, 1:7.5, 0:6 and 2:1. The majority of AM, AF 
and AC affected the posterior mandible, whereas most AOT 
presented on the anterior maxilla. Table 2 showed the levels 
of immunohistochemical staining of claudins in 4 types of 
odontogenic tumors. The staining intensity of distinct cell 
types in each tumor was detailed in Table 3.

Claudin‑1

AM demonstrated a wide range of claudin-1 expression 
levels, varied from no staining (level 0; 2.3%) to positive 

Table 1   Patient characteristics Tumors Sex Age Location

Maxilla Mandible

Male Female Mean ± SD Range Ant Post Ant Post

AM (43) 18 25 36.9 ± 17.8 8–83 2 3 7 31
AOT (17) 2 15 21.4 ± 12.9 6–59 9 2 4 2
AF (6) 0 6 14.8 ± 6.5 8–25 0 1 1 4
AC (3) 2 1 28.7 ± 5.5 25–35 0 0 1 2

Table 2   Levels of claudin-1, -4 and -7 expression in odontogenic tumors

Analyses of comparison were performed using Kruskal–Wallis test
Tumor pairs labelled by letters a, b, c and d showed statistically significant differences in the expression of the designated claudins using post 
hoc pairwise comparison tests

Claudins Odontogenic 
tumors

Immunohistochemical staining, n (%) Expression levels, n (%) P-value

Level 0 Level 1+ Level 2+ Level 3+ Level 4+ Low High

Claudin-1 AM
AOTa

AF
ACa

1 (2.3)
0 (0)
0 (0)
2 (66.7)

10 (23.3)
0 (0)
3 (50.0)
1 (33.3)

11 (25.6)
2 (11.8)
0 (0)
0 (0)

13 (30.2)
10 (58.8)
0 (0)
0 (0)

8 (18.6)
5 (29.4)
3 (50.0)
0 (0)

11 (25.6)
0 (0)
3 (50.0)
3 (100)

32 (74.4)
17 (100)
3 (50.0)
0 (0)

0.005

Claudin-4 AMb,c

AOTb

AFc

AC

17 (39.5)
14 (82.4)
6 (0)
2 (66.7)

20 (46.5)
3 (17.6)
0 (0)
1 (33.3)

4 (9.3)
0 (0)
0 (0)
0 (0)

2 (4.7)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)

37 (86.0)
17 (100)
6 (100)
3 (100)

6 (14.0)
0 (0)
0 (0)
0 (0)

0.002

Claudin-7 AMd

AOTd

AF
AC

2 (4.7)
1 (5.9)
1 (16.7)
0 (0)

6 (14.0)
1 (5.9)
1 (16.7)
0 (0)

8 (18.6)
1 (5.9)
1 (16.7)
1 (33.3)

18 (41.7)
2 (11.8)
0 (0)
2 (66.7)

9 (20.9)
12 (70.6)
3 (50.0)
0 (0)

8 (18.6)
2 (11.8)
2 (33.3)
0 (0)

35 (81.4)
15 (88.2)
4 (66.7)
3 (100)

0.046
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immunoreactivity in more than 75% of neoplastic cells 
(level 4 + ; 18.6%). The majority of AM expressed clau-
din-1 between 51 and 75% of neoplastic cells (level 3 + ; 
30.2%), followed by between 26 and 50% (level 2 + , 25.6%). 
Squamous epithelial cells within the ameloblastic units cor-
responding to the acanthomatous histopathologic pattern 
showed the most intense staining, followed by granular cells 
in the granular cell pattern. The immunoreactivity in the 
peripheral ameloblast-like cells and central stellate reticu-
lum-like cells are generally weak (Fig. 1a). Low expression 
of claudin 1 was significantly associated with the increased 
recurrence of AM (P = 0.024) (Table 4).

Claudin-1 was expressed in all AOT and AF cases. Most 
AOTs (58.8%) showed positive staining between 51 and 75% 
of neoplastic cells (level 3 +), followed by staining more 
than 75% (level 4 +) in 29.4% of cases. Strong claudin-1 
immunoreactivity was noted on the cell membrane of spin-
dle-shaped epithelial cells arranging in anastomosing strands 
in AOT, whereas tumor cells forming duct-like structures or 
whorled masses did not express this protein (Fig. 1b). AF 
showed claudin-1 expression at two different levels. Half of 
the cases expressed claudin-1 more than 75% of epithelial 
tumor cells (level 4 +), and another half showed positive 
staining between 26 and 50% (level 2 +). The immunore-
activity was moderate-to-intense and localized in both the 
peripheral columnar epithelium and central stellate reticu-
lum-like cells of the odontogenic epithelium (Fig. 1c).

In contrast to the staining pattern of benign odonto-
genic tumors, the majority of AC (66.7%) did not expres-
sion claudin-1. The positive staining was weak and only 

noted in scattered squamous cells within the ameloblastic 
units (Fig. 1d). Kruskal–Wallis test demonstrated statisti-
cally significant difference in claudin-1 expression among 
lesions (P = 0.005) and the pairwise comparison indicated 
that the claudin-1 expression level was significantly different 
between AOT and AC (P = 0.005).

Claudin‑4

Claudin-4 showed limited expression in the odontogenic 
tumors studied. All AF cases and the majority of AOT 
(82.4%) and AC (66.7%) did not express this protein 
(Fig. 1g, f). AM showed the expression of claudin-4 in 
60.5% of cases, however, the majority of which (46.5%) 
stained less than 25% of tumor cells (level 1 +).

In AM and AC, claudin-4 expression was noted in the 
squamous epithelial cells within the ameloblastic units. 
Granular cells in AM were also immunoreactive. No stain-
ing was noted in the ameloblast-like cells or reticulum-like 
cells (Fig. 1e, h). In claudin-4-positive AOTs, the staining 
was weak and present only in the spindle epithelial cells. 
The significant difference in claudin-4 expression was 
noted among lesions (P = 0.002) and the adjusted pairwise 
comparison reported the statistically significant difference 
between AM and AOT (P = 0.013) and between AM and AF 
(P = 0.037). No associated between the claudin-4 expression 
and the recurrence status of ameloblastoma was observed.

Claudin‑7

In contrast to claudin-4, claudin-7 was frequently expressed 
in all tumors studied (Fig.  1i–l). The majority of AM 
(62.6%) and AC (66.7%) expressed claudin-7 in more than 
50% of tumor cells. In addition, 70.6% of AOT and 50% of 
AF showed positive immunoreactivity in more than 75% of 
tumor cells (level 4 +). The expression of claudin-7 could be 
found with varying intensity across all neoplastic epithelial-
typed cells. In general, the epithelial component of AF, and 
the epithelial strands as well as duct-like structures in AOT 
moderately immunoreacted to claudin-7. The ameloblast-
like cells, stellate reticulum-like cells in AM and AC, as well 
as the whorled epithelial cells in AOT showed no or weak 
staining. The levels of claudin-7 expression were signifi-
cantly different among lesions (P = 0.046) and the pairwise 
comparison indicated with statistically significant difference 
between AM and AOT (P = 0.034). The level of claudin-7 
expression was not associated with the recurrence status of 
ameloblastoma patients.

Correlation among claudin‑1, ‑4 and ‑7 expression

Spearman correlation analyses were used to evaluate the 
relationships among different claudins in odontogenic 

Table 3   Immunohistochemical staining intensity of claudins in differ-
ent tumor cell types

Tumors Type of tumor cells Claudin-1 Claudin-4 Claudin-7

AM (43) Ameloblast-like cells 0/+ 0 0/+
Stellate reticulum-like 

cells
+ 0 0/+

Squamous cells +++ +++ ++
Granular cells ++ ++ +++

AOT (17) Spindle epithelial 
cells

+++ 0/+ ++

Ductal-like structures 0 0 ++
Whorled masses 0 0 0/+

AF (6) Columnar epithelium ++ 0 ++
Stellate reticulum-like 

cells
+++ 0 ++

Dental papilla-like 
stroma

0 0 0

AC (3) Ameloblast-like cells 0 0 0/+
Stellate reticulum-like 

cells
0 0 +

Squamous cells + + +
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tumors (Table 5). Due to the limited number of AC cases and 
the lack of claudin-4 immunoreactivity in AF, their expres-
sion levels were not included in the correlation analyses. 

Results indicated that the expression levels of claudin-1 and 
claudin-7 were significantly correlated in AM (P = 0.001) 

Fig. 1   Expression of claudins in odontogenic tumors. Claudin-1 expression in a AM, b AOT, c AF, d AC; Claudin-4 expression in e AM, f 
AOT, g AF, h AC; Claudin-7 expression in i AM, j AOT, k AF, l AC
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and AF (P = 0.007). In contrast, AOT, demonstrated diverse 
expression pattern of claudins.

Discussion

In this study, we first report the differential expression 
of claudins in odontogenic tumors. Claudin-7 is widely 
expressed in the majority of odontogenic tumor types 
studied, whereas claudin-4 demonstrates restricted 
expression pattern. AM shows significantly greater clau-
din-4 but lower claudin-7 expression than AOT. In addi-
tion, significantly higher claudin-4 is also noted in AM 
than AF. These differences in claudin-4 could be owing 
to that its expression is solely restricted to the squamous 
and granular cells in the acanthomatous and granular cell 
ameloblastomas, respectively. All other tumor cell types 
demonstrate no-to-minimal expression of this protein. Our 

Fig. 1   (continued)

Table 4   Relationship between 
the claudin expression and 
the recurrence status of 
ameloblastoma patients

Ameloblastoma Immunohistochemical staining, n (%) P-value

Level 0 Level 1+ Level 2+ Level 3+ Level 4+

Claudin-1 Recurrence (12) 1 (8.3) 5 (41.7) 2 (16.7) 4 (33.3) 0 (0) 0.024
No recurrence (31) 0 (0) 5 (16.1) 9 (29.0) 9 (29.0) 8 (25.8)

Claudin-4 Recurrence (12) 4 (33.3) 6 (50.0) 1 (8.3) 1 (8.3) 0 (0) 0.574
No recurrence (31) 13 (41.9) 14 (45.2) 3 (9.7) 1 (3.2) 0 (0)

Claudin-7 Recurrence (12) 0 (0) 3 (25.0) 2 (16.7) 5 (41.7) 2 (16.7) 0.629
No recurrence (31) 2 (6.5) 3 (9.7) 6 (19.4) 13 (41.9) 7 (22.6)

Table 5   Correlation among claudin-1, -4 and -7 expression in odon-
togenic tumors

Tumors Claudin expression Spearman’s rho P-value

AM (43) Claudin-1–Claudin-4 − 0.031 0.843
Claudin-1–Claudin-7 0.481 0.001
Claudin-4–Claudin-7 0.186 0.232

AOT (17) Claudin-1–Claudin-4 0.376 0.136
Claudin-1–Claudin-7 0.039 0.882
Claudin-4–Claudin-7 0.020 0.941

AF (6) Claudin-1–Claudin-7 0.933 0.007
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data suggests that claudin-4 may play a limited role in the 
overall development of odontogenic tumors.

Claudin-7 expression is observed in varying intensity in 
all odontogenic epithelial cell types. More than half of AOT 
and AF cases express claudin-7 in more than 75% of neo-
plastic epithelial cells. In AM, the intense staining was noted 
in the squamous and granular cells. Interestingly, we noted 
the differences between the claudin-7 staining intensity 
within the odontogenic epithelial components of AF/AOT 
and AM/AC. In AF, the peripheral columnar cells and cen-
tral stellate-reticulum-like cells shows moderate claudin-7 
staining, whereas the ameloblastic units of AM and AC show 
no-to-weak expression. In addition, AOT also demonstrates 
moderate claudin-7 intensity within the spindle epithelial 
strands and duct-like structures. The odontogenic epithelium 
in AF is considered primitive in origin, and in some cases, 
particularly in children with small asymptomatic lesion, may 
represent the early stages of developing odontoma [23]. Fur-
thermore, regarding AOT, a recent immunoprofiling study 
suggested that it may represent a hamartoma rather than true 
neoplasm [24]. From these data, it is tempted to speculate 
that the diminished claudin-7 expression may underlie the 
neoplastic potential in AM and AC. Future studies focusing 
on the functionally-related aspect of claudin-7 should help 
clarify its potential role in the odontogenic tumorigenesis.

A previous study reported the distinct immunoprofiles of 
different epithelial cell types in AOT. It has been noted that 
the spindle-shaped epithelial cells often co-express vimen-
tin and cytokeratins (CK) 5, 14, whereas CK19 is negative, 
suggesting that these cells are more primitive than those 
cuboidal or columnar cell type within the rosette/whorl-like 
areas [25]. Notably, we observe the intense claudin-1 stain-
ing within the cell membrane of these spindle-shaped epi-
thelial cells forming sheets or interlacing strands in AOT, 
whereas the duct-like, whorled or rosette structures show no 
immunoreactivity. Previous ultrastructural studies reported 
the presence of gap junctions and desmosomes in the epithe-
lial cells of AOT. Our finding indicates that tight junctions 
are also intact in these spindle epithelial strands.

The defect in structures and functions of tight junctions is 
believed to be one of the major mechanisms in the advanced 
progression of epithelial neoplasms. This process could 
lead to the disruption of cellular cohesion, allowing the 
diffusion of nutrient and growth factors which sequentially 
induces tumor cell proliferation, differentiation and inva-
siveness [26]. Claudin-1 demonstrates a noteworthy pattern 
of expression in odontogenic tumors with regards to their 
recurrence potential. All AOT cases express this protein and 
88.2% of which stain claudin-1 in more than 50% of neoplas-
tic cells. Half of AF cases express claudin-1 in more than 
75% of neoplastic cells and another half show less than 25% 
of positive staining. The recurrence of AOT is exceedingly 
rare, while AF generally exhibits varying clinical behavior 

with overall recurrence rate of approximately 16% follow-
ing conservative excision. In contrast, most AC cases do 
not express this protein. Interestingly, in AM the expression 
level of claudin-1 is diverse and the low claudin-1 expres-
sion is significantly associated with the higher recurrence 
rate.

The loss of claudin-1 has been reported in several can-
cers, such as those of breast, lung and liver, and is asso-
ciated with the aggressive clinical and/or pathologic char-
acteristics [7, 27, 28]. A recent meta-analysis showed that 
low claudin-1 expression in breast, colorectal, esophageal 
and lung cancers was significantly associated with worse 
patient survival [29]. The loss of claudin-1 in colorectal 
cancer was shown to be correlated with the increased tumor 
size, and vascular invasion [30]. Overexpressing claudin-1 
in a lung adenocarcinoma cell line resulted in the inhibi-
tion of cell migration, invasion and metastasis. Conversely, 
knockdown of claudin-1 enhanced cancer cell invasive and 
metastatic potential [27]. Our data implicate that the loss of 
claudin-1 negatively impact the clinical behavior of odonto-
genic tumors and claudin-1 may act to suppress the invasive 
potential of AM.

Several studies attempted to decipher the mechanisms 
underlying the loss of claudin-1 in tumors. It was shown 
that the Snail superfamily of zinc-finger transcription factor 
may be involved for this phenomenon. Slug and Snail, the 
members of Snail superfamily, are established E-cadherin 
repressors and believed to be responsible for the epithelial-
mesenchymal transition of several human cancers. In epi-
thelial cells, the overexpression of both transcription factors 
was shown to directly downregulate claudin-1 [31]. In estro-
gen receptor (ER)-positive breast cancer, the methylation of 
claudin-1 CpG promotor island is associated with claudin-1 
loss [32]. In addition, gene expression can be influenced by 
the presence of microRNAs, which can exert their activity 
by abrogating mRNA translation or utilizing RNA interfer-
ence. Recent studies showed that microRNA may play a role 
in regulating claudin-1 expression in a tumor type-specific 
manner. In ovarian cancer, miR-155 was shown to target 
and attenuate claudin-1 mRNA and protein expression [33], 
whereas miR-155 overexpression in colorectal cancers alter-
natively upregulated this protein [34]. In non-small-cell lung 
carcinoma cell line, the miR-375 overexpression was associ-
ated with the decreased CLDN1 mRNA as well as protein 
expression and worse patient survival [35]. It could be of 
interest for future studies to investigate whether these factors 
may affect in the differential expression of claudin-1 in AMs 
with distinct clinical behavior.

In summary, we report the frequent expression of clau-
din-7 in neoplastic epithelial cells of odontogenic tumors 
studied, whereas the expression of claudin-4 is relatively 
limited. Our results show the trend toward the decreasing 
claudin-1 expression from AOT, AF, AM to AC with the 



487Head and Neck Pathology (2020) 14:480–488	

1 3

statistically significant difference observed between AOT 
and AC. Notably, recurrent AMs exhibit diminished clau-
din-1 expression, compared to the non-recurrent cases. 
These data suggest that claudin-1 may play a role in the 
locally aggressive potential of AM.
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