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Abstract
Background: Odontogenic lesions range from simple cysts to benign tumors and

carcinomas. Unicystic ameloblastoma is a monocystic lesion and a less aggressive tumor
compared to multicystic ameloblastoma. Ameloblastic carcinoma is the malignant variant
of the multicystic ameloblastoma and may arise de novo or from malignant
transformation of a long-standing multicystic ameloblastoma.

Methods: We collected 54 tissue samples obtained from patients from 2000-2017
that were stored in the archives section of the Pathology Department of Taleghani
Educational Hospital, Tehran, Iran. The specimens were processed for immunohisto-
chemistry analysis. Immunostaining of the markers was assessed via quantitative
methods. Statistical analysis was performed using one-way ANOVA and the chi-
square test.

Results: One-way ANOVA analysis and the chi-square test did not reveal any
statistically significant differences between the expression levels of endocan, ET-1, and
ETAR and lesion type. A positive correlation existed between ET-1 and ETAR
expression levels in unicystic ameloblastoma and multicystic ameloblastoma (Pearson’s
r = 0.506, P<0.002), and between ET-1 and ETAR expression levels in unicystic
ameloblastoma and ameloblastic carcinoma (Pearson’s r = 0.376, P<0.024).

Conclusion: This study revealed a positive correlation between the histological degree
of lesion and endocan, ET-1, and ETAR expression levels. Hence, it might suggest that
multicystic ameloblastoma develops from unicystic ameloblastoma. Over time,
multicystic ameloblastoma may undergo a malignant transformation to ameloblastic
carcinoma. Possibly, a simple cystic neoplasm can progress to a cystic lesion with
invasion to the connective tissue wall and a gradual development into a true neoplasm
(multicystic ameloblastoma), with potential for malignant transformation (ameloblastic
carcinoma). Endocan, ET-1, and ETAR can be used as prognostic biomarkers for
different variants of multicystic ameloblastoma and possible new targets for cancer
therapy. 
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Introduction
Odontogenic lesions range from a simple cyst

to a benign tumor and even a carcinoma.1

Unicystic ameloblastoma (UA) is a monocystic
lesion with a lining composed of ameloblastic
cells. It is a less aggressive tumor compared to the
solid/multicystic/conventional type of
ameloblastoma. Unicystic ameloblastoma
constitutes 5%-15% of all ameloblastomas.2 In
some cases, one or more nodules project into the
lumen of the cyst cavity and may mimic a
plexiform ameloblastoma. In addition, a few UAs
may have mural nodules or local thickenings of
the cyst wall.3 Histologically, UAs present in 3
different patterns: simple cyst or luminal type,
intraluminal type, and mural type.4 Unicystic
ameloblastoma is a less aggressive tumor with a
variable recurrence rate.5 However, multicystic
ameloblastoma (AM) is a benign but locally
aggressive odontogenic tumor. It comprises about
1%–3% of all jaw tumors and cysts.6

Histologically, AM displays two patterns: follicular
and plexiform type7 and is composed of a
neoplastic odontogenic epithelium with mature
fibrous stroma.8 Although the etiology of AM is
unknown, a growing body of evidence indicates
that mutation or molecular alteration is the first
event in the development of the tumor; however,
the sequence of events is not clear.6 According to
a previous study, epithelial cells in AM  have
some stem cell properties; therefore, the tumor
maintains stemness by the expression of
transcription factor SRY-related HMG-box gene
2 (SOX2), which influences the tumor’s biological

behavior.9 Researchers have demonstrated an
interaction between stem cell properties and
tumor-stromal cells in AM by evaluating the
expression levels of CD90 and P75NTR.9

Ameloblastic carcinoma (AC) is a rare malignant
variant of AM that may arise de novo or from
malignant transformation of a long-standing AM
that has undergone several surgical excisions.
Less than 1% of AMs undergo malignant
transformation.10 Ameloblastic carcinoma shows
the overall histological patterns of an AM along
with cytological atypia that includes abnormal
mitotic figures, cellular and nuclear hyperchroma-
tism, and focal necrosis.11 Pathogenesis of AM
involves multiple cellular pathways. A better
understanding of the pathogenic pathways
involved in AM will provide new therapeutic
approaches such as molecular targeted treatment.12

Endocan, also known as endothelial cell
specific molecule-1 (ESM-1), participates in
adhesion between cells and the cell matrix because
of its homology with the amino acid sequence of
adhesion molecules. Endocan is overexpressed in
tumor and endothelial cells, and promotes tumor
growth.13 Thereby, it has prognostic value in
breast, renal, and lung cancers.14 Endocan is a
secreted proteoglycan that is upregulated by
growth factors and chemokines on tumor
vasculature in several types of cancers. However,
it plays diverse biologic roles. Its high expression
in glioma has a positive correlation with the
degree of malignancy;15 whereas, in pancreatic
neuroendocrine tumors, a negative correlation
has been found between endocan expression levels
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Figure 1. High magnification of immunohistochemical strong expression of endocan in ameloblastic carcinoma (A), multicystic
ameloblastoma (B) and unicystic ameloblastomas (C). Notice the stroma staining with endocan (fibroblasts and vascular endothelial cells)
near the odontogenic neoplastic nest/cord and cystic epithelial lining.
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and prognosis.16 Endocan expression is regulated
by some cytokines and growth factors such as
tumor necrosis factor-α, transforming growth
factor-β1, and vascular endothelial growth factor
(VEGF).17 Endocan may be a therapeutic target
of chemotherapy to control tumor angiogenesis
and tumor growth.18

Endothelin-1 (ET)-1, a tumor marker, has a
mitogenic activity which can be amplified by
synergistic interactions with other growth factors
such as epidermal growth factor (EGF) and basic
fibroblast growth factor (bFGF).19 Endothelin-1
contributes to tumor growth by enhancing cell
adhesion, cell migration, and angiogenesis.20,21

Endothelin-1 and its receptors, ETA and ETB,
are expressed in higher amounts in papillary
thyroid cancer and glioblastoma multiforme.20-22

A previous study on head and neck squamous
cell carcinoma (HNSCC) has demonstrated
activation of the ET axis.23-25 Endothelin-1
stimulates the proliferation of cancer cells through
ETAR and ETBR, which are amplified by the
presence of oral fibroblasts.26 Endothelin-1
induces the activity of some metastasis related
factors such as MMPs and the urokinase-type
plasminogen activator (uPA) system via ETAR.27

Cell proliferation plays a critical role in tumor
growth and is dysregulated in neoplasms.
Therefore, analysis of cell proliferation activity is
an important tool to study tumor behaviors.28

Materials and Methods
The Ethics Committee of Hamadan University

of Medical Sciences approved this study

(Institutional Review Board approval number res.
proj. 9504222160). A total of 54 samples (18
samples for each lesion type) were collected from
the archives of the Pathology Department of
Taleghani Educational Hospital, Tehran, Iran from
2000-2017. Only the follicular type of AM and
luminal type of UA were evaluated in the present
study. Hematoxylin and eosin (H&E) staining
was performed to confirm the previous diagnosis.  

Immunhistochemistry staining
The specimens were processed for immunohis-

tochemistry analysis. Monoclonal anti mouse
antibodies used in the immunohistochemistry
assay consisted of ESM1 (1:170; Abcam; 56914)
and ET-1 (1:170; Abcam; 2786), in addition to
polyclonal anti-rabbit ET A receptor antibody
(1:170; Abcam; 76259). Briefly, we sliced the
paraffin blocks into 4 µm thick sections. The
sections were subsequently deparaffinized and
dehydrated in graded alcohol series. Antigen
retrieval was performed in citrate buffer (pH 6).
We used a Leica detection kit to block endogenous
peroxidase activity. After 3 washes in tris–buffered
saline (TBS), the samples were incubated with
primary antibodies for one hour. Negative controls
were prepared by omitting the primary antibody.
After TBS washing, the slides were developed in
freshly prepared diaminobenzidine solution (DAB)
for 6 min, followed by counterstaining with
hematoxylin, dehydration, and mounting. 

Detection and scoring
We evaluated endocan and ET-1 expression

levels in the cytoplasm and ETAR expression in
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Figure 2. High magnification illustrates a strong cytoplasmic ET-1 expression in ameloblastic carcinoma (A), in multicystic ameloblastoma
(B), and in unicystic ameloblastoma (C). Cytoplasmic staining is evident in stellate reticulum cells as well as stroma cells including fibroblasts
and vascular endothelial cells.
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the membrane of cells from the tissue samples. We
performed quantitative immunostaining of the
markers. A total of 5 photomicrographs of each
sample were acquired. The percentage of positive
cells was expressed as the ratio between the
number of positive tumor cells and the total
number of tumor cells counted in the high power
fields. The abundance of positive cells for the
biomarkers was graded as follows: 1 (weak) for
<20% positive cells; 2 (moderate) for 20%-50%
positive cells; and 3 (strong) for >50% positive
cells.29 For all cases, immunostaining was
evaluated in the basal cell layer. 

Statistical analysis
We used the Statistical Package for Social

Sciences software version 22.0 (Chicago, IL,
USA) for statistical analysis. Data were also
analyzed by one-way ANOVA to determine if a
significant difference of endocan, ET-1, and ETAR

expression levels existed between the examined
groups. The samples were divided into a weak and
moderate expression group (group A) and a strong
expression group (group B) in order to perform the
chi-square test. 

Results
We used 54 samples for the immunohisto-

chemical study. One-way ANOVA and the
chi-square test did not reveal any statistically
significant differences between expression levels
of endocan, ET-1, and ETAR, and lesion type in
the studied groups. However, there was a positive
correlation between ET-1 and ETAR expression
levels in UA and AM tissues (Pearson’s r = 0.506,
P<0.002) and between ET-1 and ETAR expression
levels in UA and ameloblastic carcinoma (AC;
Pearson’s r = 0.376, P<0.024). Table 1 summarizes
the chi-square test results.
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Table 1. The relationships between Endocan, ET-1 and ETAR expression levels and unicystic ameloblastoma, multicystic ameloblastoma
and ameloblastic carcinoma (Chi-square test results).
Biomarker Unicystic Multicystic Ameloblastic P-value

ameloblastoma ameloblastoma carcinoma            
Endocan
Weak and Moderate 11 (61.1 %) 8(44.4 %) 6 (33.3%) 0.243
Strong 7 (38.9%) 10(55.6 %) 12 (66.7%)

ET-1
Weak and Moderate 10 (55.6 %) 9(50%) 6 (33.3%) 0.380
Strong 8(44.4 %) 9(50%) 12(66.7%)

ETAR
Weak and Moderate 10(55.6 %) 10(55.6%) 7 (38.9 %) 0.594
Strong 8(44.4 %) 8 (44.4%) 11(61.1%)

Figure 3. High magnification of immunohistochemically stained sections of ameloblastic carcinoma (A), multicystic ameloblastoma (B)
and unicystic ameloblastoma (C) demonstrate cell membrane ETAR strong expression in the basal layer as well as stellate reticulum cells.
Cell membrane staining is also evident in stroma cell and vascular endothelial cells.
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Discussion
In the present study, we investigated the

expression levels of endocan, ET-1, and ETAR at
the tissue level for UA, AM, and AC. According
to the statistical analysis, there was strong endocan
expression in the AC (n=12; 66.7%) tissues,
followed by the AM tissues (n=10; 55.6%). A
previous study also indicated a steady increase in
levels of endocan in different grades of gliomas.
The results indicated a positive correlation
between the degree of malignancy and endocan
level, where the most aggressive tumor had a
higher level of endocan. The authors suggested the
use of endocan as a marker for malignancy.15

However, another study on colon cancer tissue
samples showed endocan positive staining in
well- and moderately-differentiated colorectal
cancer, and weak staining in poorly differentiated
colorectal cancer samples. The authors suggested
that endocan might be closely related with differ-
entiation and development of colorectal cancer.30

Another study of clear cell renal cell carcinoma
found rare endocan immunoreactivity in tumor
epithelial cells and in intra-tumor vessels.31 A
published work on pituitary adenoma
demonstrated a positive correlation with endocan
overexpression and tumor invasiveness.32 In
gastric cancer, an association existed between
endocan expression and pathological tumor
stage.33 In addition, endocan inhibited gastric
cancer cell migration and invasion, and promoted
differentiation and apoptosis.34

In our investigation, we did not observe any
statistically significant difference between ET-1
expression levels in the studied lesions. However,
immunostaining for ET-1 showed strong
expression in 66.7% (n=12) of AC cases, followed
by 50% (n=9) of AM cases. Endothelin promotes
cell proliferation and activates proto-oncogenic
genes.35 A steady increase in ET-1 expression
levels in UA, AM, and AC can confirm the role
of ET-1 in cell proliferation and tumor growth. In
addition, these findings have confirmed previous
results where peripheral cells (ameloblast-like
cells) in AM and AC, and the basal layer cells in
UA were involved in tumor growth.36 A high

expression level of ET-1 was detected in 94% of
papillary thyroid carcinoma cases.22 Godara et
al, in a study on prostate cancer, found a positive
correlation between ET-1 expression level with
pathologic stage and tumor recurrence.37

In the current study, we observed a high
expression level of ETAR in 61.1% (n=11) of
AC cases followed by 55.6% (n=10) of AM cases.
A study on papillary thyroid cancer reported a high
expression level of ETAR in 95% of cases.21

Overexpression of ETAR was reported in more
aggressive ovarian cancer.38 Additionally, there
were higher expression levels of ET-1 and ETAR
in primary and metastatic ovarian cancer tissues.39

Although the difference was not significant, our
data also showed a trend toward increased ET-1
and ETAR expressions in more aggressive tumors.
Previous studies suggested that ETs could activate
proto-oncogenic genes and promote cell division.20

In recent years, researchers investigated the
association between ETs with tumor growth and
metastasis.35 Therefore, it could be hypothesized
that ETAR or ET-1 overexpression enhanced
tumor progression. The correlations between ET-1 and
ETAR expression levels in the examined lesions
in the current study have shown that the ET-
1/ETAR autocrine pathway is implicated in
progression. Notwithstanding, this pathway acts
through different tumor relevant processes that
include proliferation, angiogenesis, inhibition of
apoptosis, migration, invasion, and metastasis.20

Upregulation of ET-1/ETAR proteins occurs in some
cancers. However, the expression level is cancer
type dependent, which shows a tendency for cancer
cell types to use vascular triggers. The expression
levels of ET-1 and ETAR might be an indicator that
predicts the behavior of the lesion, such as aggression
levels and the possibility of metastasis, in addition
to the presence and location of metastasis.20,21 Several
studies have assessed the molecular pathogenesis of
AM. They used the cancer stem cell marker (CSC),
CD133 in AM and determined that the positive cells
were present in the peripheral cell layer of the
follicles.40 Ki67 positive staining was also found in
the peripheral cells of the follicles of AM, and in the
basal layer cells of UA.41
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Another finding in this study was the
expression levels of endocan, ET-1, and ETAR in
the endothelial and stromal cells. Endocan is an
endothelial cell activation marker that expresses
in vascular endothelial cells in normal tissues.
Endocan plays a role in angiogenesis in pathologic
processes. Previous studies have indicated that
tumor epithelial cells secrete a number of growth
factors that stimulate proliferation of endothelial
cell and secretion of endocan. In turn, endocan
promotes tumor cell proliferation and secretion of
more growth factors.13

In a published study, elevated ET-1 increased
the migration of oral fibroblasts in oral squamous
cell carcinoma cells, which promoted cancer cell
invasion and showed the contribution of ET-1 in
signaling between stromal fibroblasts and cancer
cells through both of its receptors.25 Additionally,
ET-1 is upregulated in cancer cells due to hypoxia.
In turn, ET-1 expression stimulates hypoxic
pathways. These events maintain constant vascular
expansion.20 A previous report on human colonic
fibroblasts has shown that ET-1 and ETAR
expressions enhanced production of extracellular
matrix modifying proteins and were also involved
in tumor development, growth, and migration.42

Previous studies have indicated that ET-1 plays a
role in tumorigenesis in ovarian, prostate, colon,
and oral cancer, and functions on both epithelial
cells and the surrounding stroma. In the stroma,
fibroblasts are the major cells which undergo
several changes such as the acquisition of a myofi-
broblastic phenotype in response to signals
released by malignant epithelial cells. In some
diseases, including oral cancer, ET-1 promotes
myofibroblast transdifferentiation.25 ET-1
enhances stromal-epithelial interactions in head
and neck cancer.43 All three examined markers
expressed in the endothelial cells and fibroblasts
near the neoplastic odontogenic epithelium. This
finding may highlight the supporting role of the
tumor stroma in tumor growth.44

Additionally, endocan and ET-1 promotes the
mitogenic and promigratory activity of VEGF
which induces proliferation and migration of
endothelial cells.13,45 Vascular endothelial growth

factor has been studied in ameloblastoma and
ameloblastic carcinoma.12 These findings suggest
that disruption of endocan and ET-1 interactions
with VEGF may inhibit tumor angiogenesis. 

Conclusion
This study revealed a steady decrease in

expression levels of endocan, ET-1, and ETAR
from AC (the most aggressive tumor) to UA (the less
aggressive lesion). There was a positive correlation
between the histological degree of the lesion and
endocan, ET-1, and ETAR expression levels. 

Hence, it is possible that AM develops from UA
and, over time, AM may undergo some malignant
transformation to develop into AC. As UA is a
variant of AM47 and AC may arise from
carcinomatous changes of a pre-existing AM48, it
may be logical to conclude that a simple cystic
neoplasm progresses to a cystic lesion which
invades to the connective tissue wall with gradual
development into a true neoplasm (AM) and a
possible malignant transformation (AC).  There
are reports that UA or AM have arisen from a
dentigerous cyst.48 Tumor growth from an
apparently cystic lesion to a carcinoma is a complex
process and employs many signals and pathways.
Cell proliferation, invasion, and angiogenesis are
needed for tumor development.The high expression
levels of examined markers in the peripheral and
basal layer cells may suggest that these cells are
stem cells in different variants of AM. Current
research also indicates that endocan, ET-1, and
ETAR affect the immunological characteristics of
the tumor and angiogenesis. Taken together,
endocan, ET-1, and ETAR can be used as prognostic
biomarkers in different variants of AM and as
possible new targets for cancer therapy. Further
research is required to understand the structure
and function of these markers.
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