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ABSTRACT
Introduction: There are few studies investigating the role of neoangiogenesis in biological
behavior of salivary gland tumors. CD105 expression has demonstrated greater accuracy for
detecting new vessel formation compared with other pan-endothelial molecules. This study
aimed to assess and compare intratumoral Micro-Vessel Density (MVD) through using
immunohistochemichal expression of CD105 biomarker in Mucoepidermoid Carcinoma
(MEC), Adenoid Cystic Carcinoma (AdCC) and Pleomorphic Adenoma (PA).
Materials and Methods: CD105 expression using Immunohistochemistry (IHC) was
assessed in 20 cases of PA, 20 cases of AdCC, 20 cases of MEC, and 10 cases of normal
salivary gland tissues. Positive intratumoral micro-vessels for CD105 expression were
measured quantitatively for the assessment of Micro-Vessel Density (MVD) in each group.
Groups differences in MVD was analyzed statistically using the Mann-Whitney U test and
Kruskal-Wallis test. One-way ANOVA and post hoc Tukey test were also carried out. P values
less than 0.05 were considered statistically significant.

Keywords:

Results: CD105 positive vessels were rarely seen in normal salivary gland tissue. Statistically
significant differences in MVD were observed between the normal salivary gland tissue and
AdCC and also MEC (P<0.017 and P<0.001, respectively). There was a statistically significant
difference in MVD between PA and AdCC and also MEC (P<0.018 and P<0.001, respectively).
MVD was higher in MEC in comparison with AdCC (P<0.002).

Endoglin, Pathologic
neovascularization, Salivary
gland neoplasms

Conclusion: The results of the current study demonstrated higher neoangiogenesis in AdCC
and MEC by measuring CD105 expression, which suggests a possible role for this phenomenon
in aggressive behavior of these malignant salivary gland tumors.
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1. Introduction

alivary gland tumors are among the most
challenging topics in oncology because
of their high prevalence, diverse histopathology, difficult resectability, and poor
response to different treatment modalities. In addition, poor understanding of their underlying biological mechanisms of growth and spread, compared to other neoplasms, have further complicated
their clinical management [1].
Mucoepidermoid Carcinoma (MEC) is the most common salivary gland malignancy in children and adults.
It demonstrates highly variable clinical behaviors and
its pathogenesis is not fully understood. This lack of
data regarding factors affecting the prognosis of this
tumor needs to be addressed [2, 3]. Although Adenoid
Cystic Carcinoma (AdCC) is the most studied salivary
gland tumor, it is still associated with high recurrence
rates and metastasis [3]. Pleomorphic Adenoma (PA) is
another tumor of the major and minor salivary glands,
which can be successfully treated surgically because of
its benign nature [3].
Tumors have high oxygen and nutrient demands, which
often limit their extension. This is why neoangiogenesis,
which is referred to the formation of new blood vessels,
is a sine qua non for their growth and spread [4]. It can
be best described by imbalance between pro-angiogenic and anti-angiogenic triggers by both the normal and
tumor cells. Angiogenesis consists of multiple cellular
mechanisms such as cell migration, proliferation, differentiation into small vessels, anastomosis, degradation of
extracellular matrix, and structural reorganization [5]. It
has been demonstrated in many neoplasms in humans,
including breast cancer, melanoma, ameloblastoma, as
well as lichen planus [6].
The conventional method to assess angiogenesis in solid tumors is quantitative measurement of Micro-Vessel
Density (MVD) using Immunohistochemistry (IHC) [7].
CD105, also known as endoglin, is a type 1 transmembrane homodimeric glycoprotein of 180 kDa [8] and
serves as a part of the receptor complex for transforming growth factors beta 1 (TGF-B1) and TGF-B3 [9]. It
plays a part in fibrogenesis and angiogenesis [10], and
is particularly important for proliferation of endothelial
cells and stimulating the activation phase of angiogenesis [11]. It is thus widely expressed in newly-formed
vessels versus the old vessels [10, 12], and is a reliable
marker for neovascularization in solid tumors, superior
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to CD31 and CD34 in assessing angiogenesis in growing
tumors [13].
In this study, we aimed to undertake a comparative assessment of intratumoral Micro-Vessel Density (MVD)
using immunohistochemical expression of CD105 biomarker in PA, MEC, AdCC and normal salivary gland
tissue.

2. Materials and Methods
Study specimens
In this cross-sectional comparative study, we selected
20 specimens of PA, 20 specimens of MEC, 20 specimens of AdCC, and 10 specimens of normal salivary
gland tissue in paraffin blocks retrieved from the archives of the Pathology Department of Tehran Amir
A′lam Hospital, which were collected from 2013 to
2015. All specimen slides, stained with hematoxylin and
eosin, were reviewed and rechecked by two independent
pathologists to confirm the diagnoses.
Immunohistochemistry
Four-micrometer slices were made by a microtome
from each paraffin block and were deparaffinized and
rehydrated with xylene and alcohol, respectively. Antigen retrieval was then performed using 1 mM Ethylenediaminetetraacetic Acid (EDTA) buffer with a pH
of 8. After irrigation with sterile water and 0.5 M Tris
Hydrochloride (Tris-HCL) with a pH of 7, internal peroxidase activity was inhibited by applying 3% oxygen
peroxide (H2O2) for 20 minutes.
Slices were then irrigated and incubated in endogenous Avidin/Biotin blocking solution for another 20
minutes. After another irrigation with water and buffer,
primary antibody (monoclonal mouse CD105 clone
SN6h, 1:100, DAKO, Denmark) was applied for 19
hours at 4°C, according to the manufacturer’s instructions. For reaction amplification, secondary antibodies
of biotinylated anti-mouse and Dako streptavidin-biotin-peroxidase were used for 30 minutes each. After meticulous irrigation, staining procedure was performed
using 3,3’-diaminobenzidine hydrochloride, and 0.02%
H2O2, then Mayer’s hematoxylin solution was used for
counterstaining. Negative controls were prepared using
the same protocol except for the application of primary
antibody, while large B-cell lymphoma and tonsillar
tissue were used as positive controls.
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Quantitative assessment of MVD
Quantitative assessment of mean MVD was performed
according to 2002 global consensus [14] as follows: using low magnification (100x) in multiple slices of each
specimen, 10 fields with the highest number of intratumoral vascularization were identified and considered
as hotspots. Small vessels in each hotspot were then
counted using high magnification (400x). Moreover, any
single cell or cluster of cells with a brown color with or
without an apparent lumen, branching from an adjacent
small vessel, tumoral, or connective tissue was counted
as a small vessel. Finally, the average of small vessel
counts in these 10 fields was calculated for each sample
and considered as the corresponding mean MVD.
Statistical analysis
All statistical analyses were carried out in SPSS version 20 (SPSS Inc., Chicago, IL, USA). The MannWhitney U test and the Kruskal-Wallis test were used
to compare intratumoral mean MVD between groups.
Moreover, between-group differences were evaluated
using 1-way ANOVA and Tukey post hoc test. Differences with P values less than 0.05 were considered statistically significant.

3. Results
CD105-expressing vessels were rarely seen in normal
salivary tissues. Expression of CD105 was demonstrated
in tumors as brown cytoplasmic and membranous staining in endothelial cells of small vessels. Significant differences were observed in intratumoral MVD between
normal salivary tissue and AdCC (P<0.017) or MEC
(P<0.001), while PA was similar to normal salivary
A

gland tissue in this regard. CD105 expression was significantly higher in the malignant lesions of AdCC and
MEC compared to the benign PA (P<0.018 and P<0.001,
respectively). In addition, MEC had the highest intratumoral MVD among all lesions, even significantly higher
than AdCC (P<0.002). CD105 staining density was also
the highest in MEC, while PA showed minimal staining. CD105 expressions and MVD in the three tumoral
groups are illustrated in Figures 1-4.

4. Discussion
Diverse clinical course has remained the biggest challenge in management of salivary gland tumors [2], which
calls for a comprehensive study of their underlying biology. In general, metastasis is the main factor affecting
prognosis and mortality in patients with malignant neoplasms. Some evidence suggests the role of angiogenesis
in metastasizing malignant tumors [15]. Higher degree
of angiogenesis is associated with poorer prognosis in
several cancers, including breast, lung, esophagus, colon, and gastric cancer [7, 8, 12], although evidence to
the contrary exists [16-19]. This study aimed to assess
neoangiogenesis in the most common benign neoplasm
of the salivary glands, PA, as well as important malignant salivary gland tumors namely MEC and AdCC.
Folkman was the first to introduce the concept of angiogenesis [20], and Weidner and colleagues proposed
a method to evaluate small vessels in tumoral tissue [2].
Pan-endothelial markers such as CD31, CD34, and Von
Willebrand Factor (vWF) have been widely used for this
matter in normal and tumoral tissues, but each has its
own limitations [21, 22]. CD31 stains similarly positive
in small and large vessels, as well as some cells in different carcinomas. CD34, on the other hand, can successB

Figure 1. Immunohistochemical staining for CD105 expression in pleomorphic adenoma
A. 100x magnification; B. 200x magnification.
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Figure 2. Immunohistochemical staining for CD105 expression in adenoid cystic carcinoma
A. 100x magnification; B. 200x magnification

fully identify active angiogenic cells, but is not specific
and stains positive in mesenchymal cells as well. vWF
marker sometimes fails to identify small vessels of normal and tumoral tissues, and may also be expressed in
lymphatic vessels [13]. This non-specificity could explain the controversial results in studies on the association of angiogenesis and tumor spread. Introduction of
new antibodies, such as CD105, has provided new opportunities for the study of neoangiogenesis in tumors,
especially regarding endothelial function and growth
[23].
In the present study, MVD was assessed in the intratumoral region because the highest level of angiogenesis
due to oxygen and nutrient demands is in this region [2];
A

however, peri-tumoral vessels more commonly reflect
the activities and reactions of the stroma and matrix surrounding the tumor, i.e. the invasiveness of the tumor.
CD105 expression was not or minimally observed in
normal salivary gland tissues. Moreover, its expression in PA lesions, as the major benign salivary gland
neoplasm, was not different than normal tissue. On the
other hand, MEC and AdCC demonstrated significantly
higher CD105 expressions than PA and normal tissues in
our study, along with some other studies [2], which can
probably be attributed to their more progressive and aggressive nature. However, this is not always the case, as
some malignant tumors have not demonstrated CD105
expression1 probably because of lower oxygen and nutrient needs, resulting in less apparent angiogenesis; this
B

Figure 3. Immunohistochemical staining for CD105 expression in mucoepidermoid carcinoma
A. 100x magnification; B. 200x magnification
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Figure 4. MVD value diagrams in groups of mucoepidermoid carcinoma cases, adenoid cystic carcinoma cases, pleomorphic adenoma cases, and normal salivary gland tissues

particularly holds true in case of AdCC, which can continue its metabolic activities without high oxygen levels.
Nevertheless, evidence of angiogenesis can translate into
more aggressive behavior of the tumor [1].
An interesting finding in our study is the significantly
higher expression level of CD105 in MEC than in AdCC,
which is in accordance with other studies showing the
highest angiogenic activity in MEC compared to other
benign and malignant salivary gland neoplasms [1, 24].
One can attribute it to the absence of myoepithelial cells
in MEC, which are potentially anti-angiogenic [24, 25].
In the absence of proteases and inhibitors of angiogenesis, MEC with its high oxygen demand (due to inability
to use glycolysis for its energy source) demonstrates a
high MVD index [26].
Sustained hypoxia is toxic to both normal and tumoral
cells and usually leads to secretion of angiogenic stimulants such as TGFB by the tumor-related inflammatory
cells [27], which in turn upregulates CD105 expression.
However, contrary to this theory, tumoral cells might
acquire a genetic or epigenetic adaptive advantage in
the hypoxic environment, leading to the ability to survive and even proliferate irrespective of the surrounding
oxygen level and thus overcoming the need for angiogenesis, which in turn increases their invasion and metastasis potential [28]. Our findings, nevertheless, support
the assessment of vascularization and neoangiogenesis
as a marker to differentiate malignant from benign neoplasms of the salivary glands.

In conclusion, this study showed that CD105 expression and MVD are significantly higher in malignant tumors of the salivary glands than their benign counterparts and normal tissue. This further highlights the role of
neoangiogenesis in the pathophysiology of these tumors.
We suggest that the association of CD105 expression in
malignant salivary gland tumors and disease prognosis
be investigated as a future research perspective.
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