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Background and Aim: The tumor-induced angiogenesis is used as a 

reliable marker for tumor progression and metastasis. CD105 has been 

suggested as a marker with a greater specificity for tumor-induced 

angiogenesis since it is strongly up-regulated on proliferating 

endothelial cells of newly formed blood vessels while it shows no or 

only weak expression in normal pre-existing ones unlike CD31 which 

can not differentiate the newly formed tumoral vessels from normal 

pre-existing ones. This study was designed to measure the microvessel 

density (MVD) in oral epithelial dysplasia and oral squamous cell 

carcinoma using CD105 and CD31.  

Methodology and Principal Findings: A total of 40 oral epithelial 

dysplasia and oral squamous cell carcinoma specimens were 

immunostained with CD105 and CD31. Then MVD was measured 

according to “hot spot method” in 3 high power microscopic fields at a 

magnification x200. The number of immunostained blood vessels 

increased from normal through dysplasia to carcinoma with a mean 

value of 1.5±0.5, 3.2±1 and 5.263±0.8 for CD105 and 3.6±1.02, 

7.6±0.8 and 9.77±1.75 for CD31 respectively. CD31 showed positive 

immunoreaction in all blood vessels while CD105 revealed positive 

immunoreactivity only in the newly formed blood vessels while the 

native ones showed weak to negative immunoexpressions.  

Conclusion: CD105 can be considered as a more specific marker for 

measuring the tumor-induced angiogenesis compared to the commonly 

used panendothelial marker CD31. 
 

                 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Despite advances in the early cancer detection and its therapeutic interventions, most malignancies are still 

diagnosed and treated at very advanced stages with only limited range of therapeutic options and poor overall 

survival (Mariotto et al., 2011). 
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During the early stages of carcinogenesis, the ability of tumor to develop its own blood supply which is well known 

as the tumor-induced angiogenesis is considered a critical event separating the pre-invasive and dormant form of 

cancer from the invasive and metastatic phases of malignant growth and is considered one of most important 

hallmarks of cancer (Hanahan and Weinberg, 2011). It penetrates these tumor growths, supplies nutrients and 

oxygen and removes waste products by that crowded cell population for which the simple diffusion is no longer 

adequate (Buschmann and Schaper, 2000). 

 

Quantification of tumor-induced angiogenesis can be made by counting microvasculars in a given area by 

immunohistochemical (IHC) staining which is so called the microvessel density (MVD) whose increase has been 

found to correlate with disease progression, poor prognosis and low survival rates (Chien et al., 2006). 

 

By far, the most common antibodies used for microvessel staining are those against Factor VIII, CD31 and CD34. 

However, the accuracy of MVD assessment with these pan-endothelial markers may not be the highest possible 

since they cannot distinguish newly formed tumoral blood vessels (BVs) from normal pre-existed BVs which in turn 

rises the need for a marker that is strictly specific for tumor-induced angiogenesis (Martone et al., 2005 and Taskiran 

et al, 2006). 

 

CD105 is a transforming growth factor beta (TGF-β) binding receptor preferentially expressed on endothelial cells 

(ECs) of all angiogenic tissues, including tumors, but weakly or not at all with those of normal tissues (Marioni et 

al., 2006) giving it the superiority as a marker with a greater specificity for tumor-induced angiogenesis. Moreover, 

its expression increased in the same time with the neo-angiogenic progression (Romani et al., 2006). 

 

Although its exact mechanism of action is still under investigation, there is evidence on its role as a regulatory 

component of the receptor complex of the transforming growth factor-β (TGF-β) which is a cytokine involved in 

tumor development and neoangiogenesis by regulating different cellular functions of ECs (Bernabeu et al., 2009). 

 

A number of studies have shown the diagnostic and prognostic impact of CD105 in assisting tumor-induced 

angiogenesis in different solid malignancies such as skin cancer (Takahashi et al., 2001), breast carcinoma (Dales et 

al., 2003), prostatic cancer (Wikstrom et al., 2002), renal cell carcinoma (Costello et al., 2004), hepatocellular 

carcinoma (Ho et al., 2005) and ovarian carcinoma (Taskiran et al, 2006).  

 

CD31 is an integral membrane glycoprotein belongs to immunoglobulin (Ig) gene superfamily that is involved in 

tumor-induced angiogenesis by promoting EC proliferation, migration and adhesion (Paddock et al., 2011). 

 

CD31, like other panendothelial markers, aim at epitopes on ECs but not exclusively selective for them. They react 

with large and small BVs in addition to lymphatic, tumoral and inflammatory cells leading to their confused with 

microvessels during MVD measurement (Gee et al., 2003). This raises the need for a marker that is strictly specific 

for tumor-induced angiogenesis without any cross-reaction with the existing normal vessels or other populations in 

the background as the inflammatory cells (Duff et al., 2003). 

   

Although CD105 were proven to be a powerful marker for the ongoing tumor-induced angiogenesis in such solid 

malignancies and has been accepted as a more accurate factor than other panendothelial markers such as CD31 and 

CD34 (Fonsatti and Maio, 2004 and Martone et al., 2005), only a few studies had investigated its expression in head 

and neck cancer. 

 

The purpose of our study was to investigate the tumor-induced angiogenesis in oral epithelial dysplasia (OED) and 

oral squamous cell carcinoma (OSCC) using CD105 and CD31 and to correlate their expression with degree of 

dysplasia and grade of carcinoma. 

 

Materials and Methods:- 
Specimen Selection and Grouping: A total of 40 paraffin-embedded OED and OSCC specimens obtained from the 

archives of the Oral and Maxillofacial Pathology Department, Faculty of Dentistry, Cairo University and the 

Department of Surgical Pathology, National Cancer Institute, Cairo University were used in the present study. In 

addition to 8 specimens of normal appearing oral mucosa were taken from areas subjected to surgical procedure for 

purposes other than tumor removal to be employed as control group. 
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Three serial 4 µm thick sections were cut from each formalin-fixed, paraffin-embedded tissue block; one section 

was mounted on ordinary glass slide, for routine stain with H&E to be examined under ordinary light microscope in 

order to confirm previously made diagnosis of the selected specimens. The other two sections were mounted on 

positively charged slides for immunostained with anti-CD105 and anti-CD31 antibodies. 

 

Based on the binary or two class system, the studied cases of OED were grouped according to the presence or 

absence of epithelial dysplasia into low risk showing questionable or mild dysplastic features in the basal and 

parabasal layers of epithelium and high risk showing moderate or severe dysplastic features extending to upper 

layers of epithelium (Kujan et al., 2006). On the other hand, the studied OSCC cases were classified according to 

WHO criteria into well, moderate and poorly differentiated where both well and moderately differentiated tumors 

are grouped together as low grade carcinomas and poorly differentiated and undifferentiated cases as high grade 

tumors (Pindborg et al., 1997).  

 

Immunohistochemistry: was done using Strept-Avidin Biotin Complex (ABC) universal kit (Neomarkers, Fermont 

CA, USA). As for antigen retrieval, we followed the ABC-IHC staining procedure as described by Wood &Warnke 

(1981). The slides were divided into two groups where the first group was for mouse monoclonal anti-human 

CD105 antibody (clone: SN6h, isotype: IgG1/κ and code no.: #MS-1290-R7) and the second one for mouse 

monoclonal antihuman CD31 antibody (Clone: JC/70A, isotype: IgG1/κ and code no.: #MS-353-R7). Both were 

ready to use primary antibodies supplied by Thermo Fisher Scientific Anatomical Pathology, Lab Vision 

Corporation, U.S.A. 

 

Antibody expression and MVD quantification: The IHC evaluation of the stained sections was performed by two 

independent observers using the Leica Q550 image analyzer computer system. According to Hot spot MVD method 

as described by Weidner et al. (1991), the quantitative analysis of the tumor-induced angiogenesis was carried out 

for OSCC at three zones namely invading tumor front, inner tumor area and resection tumor margin (at least 3 

optical fields far away from invading tumor front) and randomly for OED both in 3 high power microscopic fields at 

a magnification x200.  

 

Any brown staining ECs or endothelial clusters that clearly separated from adjacent microvessels, tumor cells and 

other connective tissue elements were detected and considered as a single countable microvessel. However, vessels 

characterized by thick muscular walls or with lumen greater then 20μm in diameter were ignored and excluded from 

the counts. The Mean Hotspot MVD was determined by calculating average number of microvessels of the 3 

microscopic fields then dividing this number by area of microscopic field in a standard measuring frame of 2927374 

micrometer² (MV/µm2) using a magnification of x200. This procedure was repeated for each tissue section and for 

both markers. 

 

Statistical analysis: All the obtained data from the computer image analysis were then tabulated and statistically 

evaluated using using SPSS program (Statistical Package for Social Studies) version 19 software for windows and 

finally used for generation of a representative graphs. Paired Student t-test used to compare the mean values of 

MVD between two groups while ANOVA test used to compare mean between more than two groups. Both tests 

were considered to give a significant difference if p value was less than 0.005. 

 

Results:- 
Immunohistochemical Findings and Hot Spot MVD Quantification:- 

The IHC evaluation and quantification of hot spot CD105-MVD revealed positive CD105 immunoreactivity in the 

cytoplasm of ECs whether present singly or in clusters and in newly formed BVs while the native BVs with thick 

muscular walls and large lumina showed weak to negative CD105 immunoexpressions. On the other hand, all BVs 

whether newly formed or native showed strong positiveimmunoreactions to CD31antibodies in both normal and 

dysplastic specimens where reaction were detected in separate ECs, endothelial clusters and EC-lined microvessels 

whether thick or thin walled with large or small lumina. Thus, an increased number of BVs were stained with CD31 

compared to CD105. 

 

The control group revealed negative CD105 immunoexpression was detected in the BVs of 6 out of 8 cases while 

the remaining 2 cases showed weak positive immunoreactivity for CD105 in only few BVs. 
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Positive CD105 immunoexpression were detected all cases of OED (low risk and high risk) and OSCC (low grade 

and high grade) except for 3 low risk OED cases where no positive immunostaining for CD105 was found in any of 

the BVs of the underlying connective tissue. However, positive immunoreactivity for CD31 was detected in all BVS 

of all OED and OSCC cases (figs. 1-4). 

 

The number of immunostained BVs per microscopic field with its associated mean hot spot MVD for both markers 

is summarized in (table 1). 

 

For both markers, the number of immunostained BVs increased from normal appearing mucosa through OED to 

OSCC cases and through the different degrees of OED and grades of OSCC where more BVs were found in cases 

with high risk OED compared to those with low risk OED and in those of high grade OSCC compared to that of low 

grade OSCC.  

 

The highest number of immunostained BVs were recorded at the invading tumor front (peritumoral areas) followed 

by the inner tumor area (intratumoral areas) of all grades of OSCC compared to the resection tumor margin for both 

markers. 

 

CD105 showed a completely negative immunoreaction in normal epithelial, neoplastic, inflammatory and 

mesechymal cells compared to positive immunoreaction for CD31 in some of them.   

 

(1a) (1b) 

Table 1:- Number of BVs/microscopic field together with its associated Mean hot spot for CD105 and CD31-MVD: 

Group 

CD105 CD31 

Number of BVs 

/microscopic field 

Mean hot 

spot MVD 

Number of BVs 

/microscopic field 

Mean hot 

spot MVD 

Control group 1-2 1.5±0.5 3-5 3.6±1.02 

Low risk OED 1-4 2.2±1.1 5-8 6.8±1.1 

High risk OED 3-5 4.2±0.748 7-10 8.4±1 

Low 

grade 

OSCC 

invading tumor front 4-6 5.2±0.74 9-12 10 ± 1.95 

inner tumor area 3-6 4.4±1.02 7-9 8.2 ± 0.74 

resection tumor margin 3-5 3.8±0.74 4-8 6 ± 1.14 

High 

grade 

OSCC 

invading tumor front 5-9 7±1.4 12-19 14.8 ± 2.31 

inner tumor area 4-8 6±1.4 8-15 10.6 ± 2.4 

resection tumor margin 4-7 5.2±1.16 9-11 9.6 ± 0.8 
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(2a) (2b) 

(3a) (3b) 

(4a) (4b) 

 

Fig. 1:- Low risk OED cases stained with (a) CD105 and (b) CD31. Fig. 2. High risk OED stained with (a) CD105 

and (b) CD31. Fig. 3. Low grade OSCC at invading tumor front (a) CD105 and (b) CD31. Fig. 4. High grade OSCC 

at invading tumor front (a) CD105 and (b) CD31. Black arrows show positively stained BVs while red show 

negatively stained ones (x200). 

Statistical Analyses:- 

 

The statistical analysis for mean hot spot MVD revealed a significant difference on comparing the low risk and high 

risk OED and a highly significant difference on comparing the low grade and high grade OSCC for both CD105 and 

CD31 (table 2, graph 1).  

 

Difference in mean hot spot MVD between normal appearing, OED and OSCC cases revealed a highly significant 

difference in CD105-immunostained cases and a significant difference in CD31 immunostained cases. Thus, the hot 

spot MVD measured using CD31 was greater than that measured using CD105, (table 3, graph 2). 
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Graph 1:- Bar chart illustrating Mean hot spot MVD of 

CD105 and CD31 in OED (low & high risk) and OSCC 

(low & high grade) cases. 

Graph 2:- Bar chart illustrating Mean hot spot CD105 

and CD31-MVD in normal appearing, OED and 

OSCC cases. 

 

Discussion:- 
The identification of new diagnostic and prognostic markers for the early tumor detection, progression and 

metastasis has been the focus of most cancer studies. Such markers could serve as targets for anti-neoplastic 

therapies and ultimately reduce the morbidity and mortality associated with cancer (Seki et al., 2011).  

 

The fact that no solid tumors can grow up more than 2–3 mm in diameter without the induction of its own blood 

supply (Folkman, 2000) strongly suggested tumor-induced angiogenesis as a significant indicator for cancer 

progression that correlates positively with disease stage, the likelihood of metastases and recurrence (Thomas et al., 

2007). 
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Table 2:- Difference in Mean hot spot CD105-MVD and CD31-MVD using Paired Student t-test: 

Group 
Mean hot spot MVD 

M±Sd t-Value p-Value 

CD105 

OED 
Low risk  2.2±1.1 

3.2275 0.0121* 
High risk  4.2±0.748 

OSCC 
Low grade  4.46 ± 0.57 

6.6394 0.001** 
High grade 6 ± 0.73 

CD31 

OED 
Low risk  6.8±1.1 

2.3164 0.0492* 
High risk  8.4±1 

OSCC 
Low grade  8±1.63 

4.6974 0.001** 
High grade  11.52±2.3 

*= Statistically significant, (p<0.05). 

**= Highly statistically significant, (p<0.001). 

Table 3:- Difference in Mean hot spot MVD between Normal appearing oral mucosa, OED and OSCC cases using 

ANOVA test: 

Group 
Mean hot spot MVD 

M±Sd f-Value p-Value 

CD105 

Controlgroup 1.5±0.5 

12.19298 0.000067** OED 3.2±1 

OSCC 5.263±0.8 

CD31 

Control 3.6±1.02 

20.59605 0.00001** OED 7.6±0.8 

OSCC 9.77±1.75 

**= Highly statistically significant, (p<0.001). 
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Studies on the available panendothelial markers as CD31 had shown their low sensitivity and specificity in 

evaluation of the tumor-induced angiogenesis and even yielded conflicting and contradictory results. The CD105 

seems to react specifically with actively proliferating ECs and to be associated with the increase in MVD occurring 

during transition from normal oral mucosa through different grades of dysplasia to invasive carcinoma (Siar et al., 

2009). 

 

In the current work, the negative CD105 immunoexpression in the control group is explained on the basis that only 

actively proliferating ECs can secreted pro-angiogenic factors such as CD105 which exert their angiogenic effects 

by binding to and modulating the TGF-β1 pathway leading downstream events of angiogenic cascade while the 

resting ECs of normal vasculature do not produce any pro-angiogenic factors unless become activated by 

inflammation, healing of normal tissues or multistep carcinogenesis (Bellone et al., 2007). 

 

However, the CD31 showed positive immunoexpression in all the control group cases, but the number of positively 

stained BVs were lower than that recorded in neoplastic cases. Basilio de Oliveira & Pannain (2015) attributed this 

to the inability of CD31 to distinguish newly formed tumoral BVs from normal pre-existed ones in both neoplastic 

and non-neoplastic tissues and the fact that they are better expressed in larger vessels than in microvessels. 

 

In 4 out of the 7 cases of low risk OED, positive CD105 immunoreactivity was reported in only a small number of 

BVs. The supportive role of cellular components of the ECM such as tumor associated fibroblasts and inflammatory 

cells during the multistep carcinogenesis may explain this finding where the initiation of genetic mutations in the 

epithelial cells lead to activation of the ECM which in turn express growth factors capable of supporting the growth, 

proliferation and survival of cancerous cells by many mechanisms including the induction of angiogenesis 

(Basnaker et al., 2014).  

 

Therefore, the negative CD105 immunoexpression reported in remaining 3 cases of low risk OED may be attributed 

to fact that tumor cells did not stimulate the cellular components of the ECM to activate the tumor-induced 

angiogenesis which may in part explain the susceptibility of some of the low risk OED cases for acquiring further 

malignant changes and progress to malignancy while others may never (Sperandio et al., 2013).  

 

Positive immunoexpression for both CD105 and CD31 was detected in all the high risk OED and all grades of 

OSCC. However, CD105 was exclusively expressed on actively proliferating ECs of newly formed BVs but not on 

the normal pre-existing ones while CD31 was found to stain all BVs indiscriminately whether newly formed small 

or native large ones. Such finding is related to the selective staining of CD105 to actively proliferating ECs 

(Nagatsuka et al., 2005) on the contrary to CD31 which is not selective for epitopes on ECs but also aimed at those 

on inflammatory, mesechymal, neoplastic and non-neoplastic epithelial cells leading to their confused with 

microvessels (Taskiran et al, 2006).  

 

Both CD105- and CD31-MVD increased from the low risk OED cases to high risk ones and from low to high grade 

OSCC cases where higher MVD was recorded in the OSCC compared to OED cases. Dassoulas et al. (2010), 

Romero et al. (2011) and Lertkiatmongkol et al. (2016) agreed to explain this finding based on the Folkman's 

concept that tumor growth and progression is angiogenic dependent in order to meet the increased metabolic 

demand of neoplastic cells as the tumor progress from normal mucosa through dysplasia to carcinoma and through 

different degrees of dysplasia and grades of carcinoma and in turn increased release of pro-angiogenic factors by the 

tumor cells themselves and their associated ECM to stimulate tumor-induced angiogenesis in order to compensate 

for that demand. 

 

The highest MVD for both markers were detected in OSSC where the high grade were higher than low grade cases 

with the invading tumor front showed the greatest counts in all the three measuring zones. In CD105 cases, the 

presence of actively proliferating ECs or immature neovessels with strong remodeling activity at the invading tumor 

front and inner tumor area compared to the low remodeling activity of the BVs at resection tumor edge explains 

such finding (Tadbir et al., 2014 and Nair et al., 2016). Similarly, de Oliveira et al. (2013) and Fernández et al. 

(2017) attributed this to the ability of the CD31 to alter the cytoskeleton to form filopodial protrusions, both by 

dephosphorylating focal adhesion kinase as well as by altering the activity of the small G-protein, Ras homolog gene 

family, member A leading to endothelial cell proliferation, migration and adhesion and in turn activation of tumor-

induced angiogenesis. 
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Although Mărgăritescu et al. (2008) had also reported that expression of CD105 in the neoplastic tissues was 

significantly higher than in normal healthy mucosa and declined as they moved away from the invading tumor front 

respectively, they did not found any significant correlation between of MVD with the tumor stage or the grade of 

differentiation on the contrary to our results where CD105-MVD were found to significantly correlate with the 

degree of OED and highly significantly correlate with grade of OSCC.  

 

Such controversial and discrepancies in the results is properly owned to the methodological variations between these 

studies, inter-observer variability in the identification and selection of the hot spots or may be due to differences in 

IHC protocols and counting procedure (Li et al., 2009). 

 

Analysis of mean MVD in both OED and OSSC cases stained with CD31 antibodies revealed much higher values 

than those stained with CD105 antibodies. This is explained by the fact that CD31 stained both small tumoral 

vessels with active endothelial cells and large native vessels with resting endothelial cells on the contrary to CD105 

who stained only active endothelial cells but not resting ones (Mitselou et al., 2016). 

 

Conclusions:- 
In conclusion, both markers in present work showed that MVD increased with disease progression from the low risk 

to the high risk OED cases then from the low grade to the high grade OSCC cases. However, the assessment of 

tumor-induced angiogenesis using panendothelial markers such as CD31 was apparently unfit as such markers were 

not selective for newly formed active tumoral BVs but they were even better expressed on the normal resting ones 

and show cross reactivity with other cells in the tumor background especially the inflammatory cells which may lead 

to wrong MVD counts due their confused with microvessels especially in the inflamed cases. On the contrary, 

CD105 as a marker with a greater specificity for tumor-induced angiogenesis had provided more accurate measures 

and easier measuring protocol with no discrepancies. 
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