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Abstract 
Recent studies revealed that CD105 is intensively expressed in tumor vasculature, and may be an important prognostic indicator for the 
outcome in a number of malignancies. The aim of our study was to evaluate the CD105 expression and microvessel density in oral 
squamous cell carcinoma (OSCC). Nineteen surgical specimens with OSCC were immunohistochemical analyzed with CD105 (Endoglin). 
We determined the microvessel density (MVD) by “hot spot method”. Endoglin was intensively expressed in vessels from the inner and 
invading front of all investigated OSCC. The highest value of MVD, about 30.89 ± 22.4, were record in peritumoral area of OSCC, since 
intratumoral MVD average was about 10.18 ± 4.7. We did not observe any significant association of MVD with age, sex, primary tumor’s 
location, clinical stage or differentiation grade. In conclusion, CD105 expression is up-regulated in OSCC, and has a significant role in the 
development of such malignancies. 
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 Introduction 

Oral cancers is one of the major worldwide  
health problem due to high incidence, reduce survival 
rate and also to functional and cosmetic deficiency  
that accompany the disease and her treatment.  
Oral squamous cell carcinoma (OSCC) is the sixth 
commonest cancer in the world [1]. Although 
improvements have been achieved in surgical 
techniques, radiation therapy protocols, and chemo-
therapeutic regimes, the overall 5-year survival rate  
for this disease remains at 50% and has not significantly 
improved in the past 30 years [2]. 

Angiogenesis is one of the major factors in the 
progression of OSCC [3–5]. Quantification of tissue 
angiogenesis can be made by counting microvasculars 
in a given area by immunohistochemical staining 
(microvascular density – MVD). During time were  
use a range of antibodies for the staining of vessel  
walls, most of which are aimed at, but not exclusively 
selective for, epitopes on endothelial cells. Endoglin 
(CD105), as a marker for neoangiogenesis, has  
certain advantages over the other commonly  
used panendothelial markers (CD31, CD34, and  
Factor VIII). 

The purpose of our study was to study angiogenesis 
from OSCC by using endoglin (CD105) and also  
to assess the correlation of CD105-determined MVD  
with the most important clinicopathological 
characteristics of such tumors. 

 Material and methods 

Tissues and clinical parameters 
Nineteen formalin-fixed, paraffin-embedded 

archival tissue blocks of OSCC specimens were 
included in the current study. All these samples 
originated from complete resection material.  
By reviewed all Hematoxylin slides we selected the best 
section from each block showing central and peripheral 
areas of the tumor, avoiding areas with necrosis.  
The clinicopathological characteristics of these cases 
were reviewed from patients’ records. Staging was 
established by IUCC system, and grading was 
performed according to WHO. 

Immunohistochemistry 
We performed immunostaining on formalin-fixed, 

paraffin embedded tissue sections using the Universal 
Immuno-enzyme Polymer (UIP) method (NICHIREI). 
Five-micrometer-thick serial sections were cut from 
each paraffin-embedded block. The sections were 
deparaffinized in xylene and rehydrated through graded 
concentrations of alcohol. As antigen retrieval, we used 
heat-induced epitope retrieval (HIER) technique by 
boiling tissue sections in 10 mM citrate buffer, pH 6.0 
for 10–20 minutes, followed by cooling at RT for  
20 minutes. Three-percent hydrogen peroxide in PBS 
for 15 minutes was then applied to block endogenous 
peroxidase activity. The sections were incubated 
overnight at 40C with anti-human CD105 rabbit 
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polyclonal antibody (diluted 1:50; Lab Vision 
Corporation, USA). Histofine Simple Stain MAX PO 
(MULTI) from NICHIREI was used for visualization of 
the expression of the antibody. Diaminobenzidine-
tetrahydrochloride (DAB) was used as a chromogen.  
All sections were then counterstained with 
Hematoxylin. Negative-control staining was done  
by omitting the primary antibodies and as external 
positive control were used tonsil specimens. 

Antibody expression and MVD quantification 

Two observers (PD and SA) without knowledge of 
the clinical data performed evaluation of the staining. 
Quantitative analysis of the intratumoral microvessel 
density was performed according to Weidner N  
et al. [6]. For the determination of MVD, the three  
most vascular areas (hot spots) within a section were 
selected at ×40 magnification and counted under a light 
microscope (Nikon Eclipse 55i) with a 200-fold 
magnification. Microvessel density was defined as the 
number of CD105-positive vessels per optical field  
(an optical field corresponds to an examination area of 
0.7386 mm2). Each three area was counted twice and 
the arithmetical mean in each area was used to calculate 
the mean for each tumor section. This procedure was 
repeated for each tumor sample in three different areas: 
in the inner tumor area, at the invading tumor edges and 
in the resection tumor edges (at least three optical fields 
far away from invading tumor edge). 

Statistical analysis 

For means comparison we have used nonparametric 

Kruskal Wallis performed using EPI–INFO 2000 
package. The variances were significantly different 
across the groups and this was the reason we did not 
used a parametric test. The variances were tested using 
Barttlet test. Both Barttlet and Kruskal Wallis tests were 
considered to give a significant difference if p-value 
was less than 0.005. 

 Results 

Clinicopathologic data 
The major clinicopathologic characteristics of the 

patients included in the study are diagrammatic 
presented in Table 1. The median age of investigated 
patients was 66 (range 40–84). Related to sex, the 
majority of patients were male 14 (74%). 
Topographically, the most common location was at the 
lips with 12 cases (68%), followed by tongue with 5 
cases (32%).  

The investigation of risk factors revealed that 95% 
of patients had records of excessive alcohol 
consumption, 63% of patients were heavy smokers and 
58% of patients had a double risk exposure to alcohol 
and tobacco. According to clinical stage, 14 of the 
patients (74%) had advanced (III and IV) clinical stage 
(Table 1).  

There were 11 patients (58%) who had histological 
well-differentiated tumors (Figure 1a), four (21%) who 
had tumors with moderate differentiation (Figure 1b) 
and with four (21%) of the tumors being poorly 
differentiated (Figure 1c). 

Table 1 – Correlation of clinicopathological characteristics with microvessel density 
Microvessel density No. of patients (%)

Invading edge Inner area Resection edge 
p-value 

 
19 30.89 ± 22.4 22.5 ± 11.9 10.18 ± 4.7 0.000583 

Male 14 (74) 34.1 ± 25.0 25.0 ± 12.4 10.7 ± 4.3 0.0023 
Sex 

Female   5 (26) 21.8 ± 9.2 15.3 ± 7.3 8.6 ± 5.8 0.060 
<65 year   9 (47) 40.5 ± 28.7 29.0 ± 12.8 11.9 ± 2.9 0.010 

Age 
>65 year 10 (53) 22.2 ± 9.6 16.6 ± 7.6 8.6 ± 5.5 0.0038 
Lips 13 (68) 31.7 ± 27.0 22.2 ± 14.1 10.1 ± 5.2 0.0143 

Topography 
Tongue   5 (32) 27.4 ± 5.5 21.2 ± 4.6 10.1 ± 4.3 0.0044 
Smokers (Sm) 12 (63) 35.0 ± 26.9 25.0 ± 13.5 9.8 ± 3.9 0.0052 
Drinkers (Drink) 18 (95) 30.8 ± 23.0 22.6 ± 12.3 10.3 ± 4.7 0.0011 Risk factors 
Sm + Drink 11 (58) 35.3 ± 28.2 25.4 ± 14.1 10.1 ± 4.0 0.011 
II   5 (26) 26.2 ± 4.9 18.7 ± 6.3 9.3 ± 5.7 0.0103 
III 11 (58) 33.9 ± 29.4 24.6 ± 14.8 10.3 ± 4.7 0.0238 TNM stage 
IV   3 (16) 27.6 ± 4.8 21.1 ± 7.5 11.0 ± 4.1 0.0509 
poorly   4 (21) 24.6 ± 10.1 18.1 ± 7.5 9.1 ± 4.7 0.043 
moderate   4 (21) 18.8 ± 12.1 14.7 ± 9.4 9.2 ± 6.6 0.3932 Histological grade 
well 11 (58) 36.8 ± 27.2 26.2 ± 13.5 10.4 ± 4.6 0.0060 

 
CD105 expression 

CD105-positive vascular endothelial cells were 
clearly identified by their brown staining. In normal oral 
mucosa and in the resection tumor edges microvessels 
rarely expressed CD105 and staining was faint and 
weak. These vessels were mainly located immediately 
underneath the epithelium, and were regularly 
distributed and had regular courses and cross-sectional 

shapes (Figure 1d). Neoplastic, inflammatory, and 
mesechymal cells were negative for CD105. We also 
notice a moderate CD105 staining in skeletal muscle 
cells on specimens with muscle invasion and a positive 
reaction in some keratin pearls.  

CD105 stained intensively intratumoral and 
peritumoral (at the tumor invasion front)  
microvessels. The tumor vessels are mostly of aberrant 
morphology, tortuous, without clear lumen and with 



Endoglin (CD105) and microvessel density in oral squamous cell carcinoma 

 

323

large gaps between endothelial cells (Figure 1, e and f).  
In addition, they varied greatly in size, predominating 
microvessels of small-caliber (smaller than 15 µm 
diameter) (Figure 2a). The highest density is near to the 
carcinomatous proliferations and in the inflammatory 
tumor stromal areas (Figure 2b).  

In two cases, the tumoral microvessel architecture 
was more complex as a vascular network with multiple 

vascular loops and increased vessel tortuosity 
(Figure 2c). In many tumoral areas, we identify 
individual CD105 positive cells (Figure 2d). Typically, 
at the invasion front of OSCC we observed the greatest 
CD105 positive vessels with irregular courses and 
elongated cross-sectional shapes (Figure 2, e and f). 
These aspects are more obvious in areas with 
inflammatory reaction. 

 

(a)  (b)
 
 

(c)  (d)
 
 

(e) (f)
Figure 1 – (a) Typical well-differentiated squamous cell carcinoma of the tongue (HE staining, ×100);  

(b) Moderate differentiated squamous cell carcinoma of the lower lip (HE staining, ×200);  
(c) Poor differentiated squamous cell carcinoma of the tongue (HE staining, ×200);  

(d) CD105 positive vessels located immediately underneath the normal oral  
epithelium, ×200; (e, f) CD105 positive vessels adjacent and between  

tumoral proliferations with aberrant morphology, ×200 
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(a)  (b)
 
 

(c)  (d)
 
 

(e)  (f)
Figure 2 – (a) CD105 positive tumoral vessels of small-caliber, ×200; (b) CD105 positive vessels  

in the inflammatory tumor stromal areas, ×200; (c) CD105 positive tumoral vessels with  
complex architecture, ×200; (d) intratumoral individual CD105 positive cells, ×600;  

(e, f) CD105 positive vessels at the invasion front of OSCC with irregular courses  
and elongated cross-sectional shapes, ×200 

Evaluation of MVD and statistical data 

Microvessel density varied among tissue samples 
from 10 to 170 (median 49). In accordance with the 
location of neoangiogenesis we notice a variability of 
MVD. Thus, we found that highest value of MVD, 
about 30.89 ± 22.4, were record in peritumoral area of 
OSCC, since intratumoral MVD average was about 
10.18 ± 4.7. The correlation of the microvessel density 
with clinicopathologic parameters is summarized in 

Table 1. We did not observe any significant association 
of MVD with age, sex, primary tumor’s location, 
clinical stage or differentiation grade. 

 Discussion 

One of the crucial events in tumorigenesis, as  
was experimental proved [7] is achievement of  
nutrition sanguine network basis on new blood vessels 
formation from the pre-existent one angiogenesis.  
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In many experiments becoming classically, Folkman J 
[8] proved that solid tumors do not grow up more than 
2–3 mm in diameter without any self-induction of blood 
supply.  

Many studies used pan-endothelial markers (CD34, 
CD31, and von Willebrand factor) with low sensitivity 
and specificity in evaluation of intratumoral vessels 
density; therefore, the results were conflicting and 
contradictory [9–13]. The CD105 (endoglin) seems to 
reacts specifically with angiogenic endothelial cells and 
consequently an increasing amount of studies proved a 
significant association of high MVD with poor 
prognosis in various neoplasms [14–19].  

Our study proves that endoglin stained intensively 
intratumoral and invading tumoral front vessels with 
high sensitivity, whereas vessels in non-neoplastic 
tissue were not or were weakly expressing CD105.  
This confirms previous observations that endoglin reacts 
specifically with angiogenic endothelial cells from the 
tumor [20, 21]. 

Quantification of microvessel density with CD105 in 
our study reveals that the highest density was present at 
the invading tumoral front, followed by intratumoral 
location. This confirms previous observations that 
CD105 expression declines as we move away from the 
invasive front of the tumor [21]. 

The statistical analysis in our study did not show any 
significant association of MVD with age, sex, primary 
tumor’s location, clinical stage or differentiation grade. 
This fact is owned mainly to small number of 
investigated cases. There have been a few numbers of 
studies evaluating the prognostic significance of 
microvessel density with CD105 in head and neck 
squamous cell carcinoma [20–23]. In all of these 
studies, a significant association of high MVD  
with poor prognosis was observed, and investigators 
agree that assessment of microvessel counts with 
endoglin seems to be better than the use of any other 
pan-endothelial marker. 

However, for a reliable and reproducible assessment 
of MVD with CD105 in OSCC, we must keep in mind 
that there are many difficulties, such as inter-observer 
variability for the identification and selection of the  
“hot spots”, differences between immunohistochemical 
protocols, selection of paraffin block, section within the 
block, and counting procedure. Moreover measuring 
microvessel density by examining small sections of 
archival tissue at a single point in time does not 
necessarily represent the angiogenic status of the tumor. 

Therefore, more studies with validation procedures 
and quality control protocols are needed to confirm the 
importance of MVD (determined with CD105) as a 
prognostic factor. 

 Conclusions 

The results suggest that CD 105 (endoglin) is 
strongly expressed in blood vessels of OSCC compared 
with normal healthy oral mucosa. Endoglin seems to be 
a more sensitive and specific marker for microvessel 
highlights than the usually pan-endothelial markers and 
have a significant role in the development of OSCC.  

For these reasons, CD105 may represent a novel target 
for prognostic purposes and for novel therapeutic 
approaches.  
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