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ABSTRACT 
 
INTRODUCTION: Oral squamous cell carcinoma (OSCC) is the commonest malignancy in   the oral cavity. It is influenced by genetic 
modifications; as well as numerous environmental factors, such as smoking, tobacco chewing, alcohol consumption, infection by oncogenic 
viruses, and low intake of fruits and vegetables. CD105 has been introduced as a marker for    angiogenesis which stains vessels that are in the 
proliferating stage. Ki-67is a nuclear protein that is recognized as a nuclear antigen present in proliferating cells, but absent in resting cells.  
OBJECTIVES: To evaluate and correlate the expression of Ki-67 and CD105 in different histopathological grades of OSCC. 
MATERIALS AND METHODS: Immunohistochemical (IHC) study using the Ki-67 and CD105 antibody was done on 20 surgical 
specimens and 5 normal mucosal tissues taken from OSCC patients and healthy individuals  respectively. 
RESULTS: Remarkable improvement in the histology and the ultrastructure of the alveolar bone of rats in Group III was observed. Moreover, 
hematological values revealed significant decrease in the inflammatory condition of rats with induced RA after fish oil treatment.     
CONCLUSIONS: Ki-67 and CD105 are expressed in OSCC biopsies. Additionally, the fraction of Ki-67positive tumor cells (the Ki-67 
labeling index) is often correlated with the clinical course of OSCC. CD105 microvessel density can be a useful factor for predicting the course 
of oral squamous cell carcinoma 
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INTRODUCTION 
Oral cancer is a global health problem. Around 300,000 
patients are annually estimated to have this disease 
worldwide. Our main interest falls in head and neck 
squamous cell carcinoma (HNSCC) in general and oral 
squamous cell carcinoma (OSCC) in specific because of its 
alarming incidence and mortality (1).  
     Oral squamous cell carcinoma is a multifactorial disease. 
It is influenced by genetic modifications; as well as 
numerous environmental factors, such as smoking, tobacco 
chewing, alcohol consumption, infection by oncogenic 
viruses, and low intake of fruits and vegetables (2).  
     Angiogenesis is fundamental in tumor growth, 
progression and metastasis (3). The growth of a solid tumor 
is closely connected to the development of an intrinsic 
vascular network. In addition to primary tumor growth, 
metastatic tumor growth depends upon neovascularization 
in at least two steps: First, malignant cells must exit from a 
primary tumor into the blood circulation after the tumor 
becomes neovascularized. Second, after arrival at distant 
organs, metastatic cells must again induce angiogenesis for 
a tumor to expand to a detectable size (4). 
     Cell proliferation is a biological process vitally 
important to all living organisms due to its role in the 
growth and maintenance of tissue homeostasis. The 
assessment of cell proliferation activity in tumors has 
become a common tool used by histo-pathologists in order 
to provide useful information for diagnosis, clinical 
behavior, and therapy (5). 
    CD105 (endoglin) is predominantly transmembrane 
glycoprotein expressed in angiogenic endothelial cells (EC) 
and up-regulated by hypoxia (6). It is expressed on the cell 

surface. It is an accessory protein of the transforming 
growth factor-β (TGF-beta) receptor system and composed 
of two disulfide-linked subunits of 95 kDa each forming a 
180-kDa homodimeric mature protein(6).  
     The Ki-67 is a nuclear non-histone protein, strictly 
associated with cell proliferation. Playing roles in cell cycle 
regulation, synthesis of ribosomes and also being related to 
survival, malignancy and prognosis of various neoplasms, 
including OSCC. With unknown chemical structure and 
molecular weight ranging from 345 to 395 kDa. It is 
encoded by a gene located on chromosome 10q25, 
containing phosphorylation sites for a variety of kinases (7, 
8). 
      The aim of the present study was to study the expression 
of Ki-67 and CD 105 in oral squamous cell carcinomas and 
to correlate the expression of Ki-67 and CD 105 in different 
grades of these tumors. 
 
MATERIALS AND METHODS 
The study was performed in the Faculty of Dentistry, 
Alexandria University after gaining the approval of the 
Research Ethics Committee. Twenty OSCC patients 
collected from the Cranio-Maxillofacial and Plastic Surgery 
Department were included. As well as, five age and gender 
matched non-cancer patients who were undergoing minor 
oral procedures selected from the Oral and Maxillofacial 
Surgery Department serving as negative control. All 
patients signed informed consents for the agreement to 
participate in the study. The patients and controls who 
presented with signs of active infection, autoimmune 
diseases, or having a history of radiotherapy, chemotherapy 
or other cancers were excluded from the study. 
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     Biopsies were taken from the tumor tissues in cancer 
patients as well as from normal mucosal tissues taken from 
normal mucosal tissues taken from healthy individuals. The 
specimens were fixed in 10% neutral buffered formalin, 
processed and embedded in paraffin wax using the 
conventional procedures. Serial sections of 3-4 μm 
thickness were mounted on glass slides and stained using 
Hematoxylin and Eosin (H&E). Immunohistochemical 
(IHC) staining using the Ki-67 and CD 105 antibody 
(Thermo Fisher Scientific, USA) was also performed using 
the Labeled Strept- Avidin Biotin complex method (LSAB).      
Then, the sections were examined by the image analyzer 
computer system using the software Leica Qwin 500.  
Statistical analysis  
Analysis of data was performed using SPSS 17 (Statistical 
Package for Scientific Studies) for Windows. 
      Description of quantitative variables was in the form of 
mean and standard deviation (SD). 

• The mean values of area percent and optical density of Ki-
67 and CD105 expression in different histological grades 
were compared by using analysis of variance (ANOVA) 
test. 

• Student’s (t) test was used for comparison between 
expression of Ki-67 and CD105 in OSCC cases. 

• Results were expressed in the form p-values that were 
differentiated into: 
• Non-significant when p-value > 0.05. 
• Significant when p-value ≤ 0.05. 
• Highly significant when p-value ≤ 0.01. 
 
RESULTS 
Clinical Results 
The demographic data of the patients included in the study 
were shown in (Table 1). The age of the patients included 
in this study ranged between 51 and 70 years. years. 
Thirteen patients (65%) were males and seven patients 
(35%) were females.  

Table (1): The clinical pathologic parameters of studied cases of 
OSCC. 

Clinical Demographic No % 

Gender 
Male 

Female 

 
13 
7 

 
65.0 
35.0 

Age 
≥ 60 
< 60 

 
11 
9 

 
55.0 
45.0 

Min. – Max. 51.0-70.0 

Mean ± SD 60.75 ± 6.62 

Median 60 

Site 
Tongue 

Alveolar mucosa 
Buccal mucosa 
Palatal mucosa 
Retromolar area 

Lip 

 
6 
5 
4 
2 
2 
1 

 
30.0 
25.0 
20.0 
10.0 
10.0 
5.0 

Lymph Node Metastasis 
Negative 
Positive 

 
11 
9 

 
55.0 
45.0 

Clinical Appearance 
Exophytic 
Ulcerative 

 

 
15 
5 

 
75.0 
25.0 

 

       The most common site of occurrence of OSCC was the 
lateral side of the tongue (30%), followed by the alveolar 
ridge (25%), then buccal mucosa (20%). Finally, The 
palatal mucosa and retromolar area each representing (10%) 
and the least site was the lip representing (5%) 
Histopathological Results 
The microscopical examination revealed that 25% of the 
cases were well differentiated, 65% were moderately 
differentiated and 10% were poorly differentiated.  
Immunohistochemical Results 
All cases of normal oral mucosa (n=5) showed Positive 
immunoreactivity for Ki-67 and CD105 (Figure 1), while 
OSCC biopsies (n=20) were immunostained. Both 
cytoplasmic and nuclear immunoreactions were observed in 
all different grades of OSCC (Figures 2, 3, 4, 5, and 6).  
 

 
Figure 1: Well differentiated OSCC revealing intense reaction to 
ki67 in almost all of the malignant epithelial cells forming the 
epithelial and keratin pearls. (Immunostain of ki67 x200) 
 

 
Figure2: Moderately differentiated OSCC showing evident 
positive reaction to ki67 in almost all malignant epithelial pearls 
and cell nests. Notice the apoptotic cell in the center exhibiting 
perinuclear cytoplasmic clearing (Immunostain of ki67 x100). 
 

 
Figure 3: Poorly differentiated OSCC showing intense positive 
reaction of ki67 in the anaplastic cells forming the sheets of 
malignant epithelial cells. Notice the apoptotic cells clearance of 
the cytoplasm and chromatin condensation (arrow). (Immuno stain 
of ki67 x 100). 
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Figure 4: Well differentiated OSCC showing intense brownish 
immune reaction to CD105 of blood vessels and endothelial cells 
with some epithelial nests free from the reaction (immunostain of 
CD105 x100). 
 

 
Figure 5: Moderately differentiated OSCC showing intense 
brownish immune reaction to CD105 of blood vessels and 
endothelial cells (immunostain of CD105x200). 
 

 
Figure 6: Moderately differentiated OSCC showing intense 
brownish immune reaction to CD105 at the stained blood vessels 
and endothelial cells (immunostain of CD105 x1000). 
 
      The IHC staining intensity was found to be directly 
proportional to the grading of OSCC, where the poorly 
differentiated type has the highest staining intensity, 
followed by the moderately and the well differentiated 
grades respectively.  
     Ki-67 expression in Correlation with the Histological 
Grading of OSCC cases  

        The difference in the mean Ki-67 area percent and 
mean optical density between the well, moderately and 
poorly differentiated groups revealed statistical significance 
at (P≤0.05) (Tables 2, 3). 
 
Table (2): Comparison of area percent and optical density of 
Ki 67 in different histopathological grades. 

Recept
or 

Point of 
compar
ison 

Well diff. Moderate 
diff. 

Poorly 
diff. 

P 
value 
(ANO
VA 
test) 

Ki 67 

Area 
percent    

0.001
** 
 

Min. – 
Max. 

11.34 – 
31.26  

26.48 – 
35.96 

37.86 – 
49.02 

Mean ± 
SD. 

21.35±5.
16 

31.32±4.2
8 

43.56±5
.96 

Optical 
Density    

 
0.017
* 
 

Min. – 
Max. 

42.68 – 
50.87 

45.57 – 
63.67 

57.56 – 
70.15 

Mean ± 
SD. 

46.87 ± 
3.67 

54.08 
±5.94 

63.89±6
.11 

**highly statistically significant /*statistically significant. 
 
Table (3): Comparison of area percent and optical density of 
CD 105 in different histopathological grades. 

ns=not significant 
 
      CD105 expression in Correlation with the 
Histological Grading of OSCC cases. 
       The difference in the mean CD105 area percent and 
mean optical density between the well, moderately and 
poorly differentiated groups was not statistically significant 
at (P˃0.05).  
 
DISCUSSION 
In the present study, males (65%) were more commonly 
affected than females (35%). This was in accordance to 
many previous studies that supported the fact that oral 
cancer is more common in males than in females. As the 
habits of alcohol drinking and tobacco smoking is more 
prevalent in males than in females.(9-11)  
     Those results were in contrast to those found by Durr et 
al(12) who stated that the proportion of oral cavity cancer 
cases in women increased worldwide especially among 
young white individuals in western countries(12). The 
alteration of the sex distribution is likely due to the gap is 
narrowing in habits such as smoking and drinking alcohol 
became more socially amongst women (13).  

Receptor 
Point of 
comparis
on 

Well diff. Moderate 
diff. 

Poorly 
diff. 

P value 
(ANO
VA 
test) 

CD 105 

Area 
percent    

 
0.814ns 

Min. – 
Max. 

21.57 – 
58.61 

27.54 – 
56.97 

28.63 – 
60.32 

Mean ± 
SD. 

39.08 ± 
18.93 

42.87 ± 
14.31 

44.68 ± 
16.29  

Optical 
Density    

 
 
0.713ns 
 

Min. – 
Max. 

51.03 – 
63.12 

51.29 – 
68.88 

58.32 – 
70.59 

Mean ± 
SD. 

57.19±5.5
9 

59.19±7.6
6 

61.42 ± 
9.61 
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     The clinical distribution of OSCC in the current study 
revealed that the tongue was the most prevalent site of 
occurrence for OSCC (30%) followed by the alveolar 
mucosa (25%). These results were in accordance with many 
investigators who reported that the tongue was the most 
common site for OSCC (10, 11, 14, 15).These results are 
consistent with the previous studies which revealed that oral 
SCC affects the tongue in 20% - 40% of cases and the floor 
of the mouth in 15% - 20% of the cases, and together these 
sites account for about 50% of all cases of oral SCC(16). 
The gingivae, palate, retromolar areas and the buccal and 
labial mucosa are oral sites less frequently affected (17). 
      The results were in contrast to those found by Iamaroon 
et al that in some other Asian countries such as Taiwan, 
India and Thailand have found that buccal mucosa was a 
common location which has strongly associated with betel 
quid chewing habit regionally (18, 19). 
      Regarding the histological grading of the tumor, the 
present research showed that most of the OSCC cases 
included were of the moderately differentiated type (65%), 
followed by the well differentiated type (25%), while the 
least common type was the poorly differentiated (10%). 
This was in accordance to almost all of the studies which 
supported the fact that moderately differentiated was the 
most common type of OSCC. Jerjes et al, (11) Kanke et al, 
(20) and Chen et al (21) all found that moderately 
differentiated was the most common type of OSCC.  
     The expression of the human Ki-67 protein is strictly 
associated with cell proliferation. It is considered to be a 
fundamental biological process because of the role it plays 
in the growth and maintenance of tissue homeostasis. It is 
well understood that transition of the normal oral epithelium 
to dysplasia and to malignancy is featured by increased cell 
proliferation. The Ki-67protein as a molecular marker of 
proliferating cells has been extensively examined in oral 
epithelial dysplasia and oral squamous cell carcinoma 
(OSCC), and the number of proliferating cells increased 
according to the grade of malignancy (22,23).  
      In this study, Ki-67 protein was expressed in all cases of 
OSCC. This goes with the results of Olimid et al (24) who 
stated that the Ki-67 immunoexpression analysis indicated 
positivity in all cases, but with different percentage index 
(PI), which correlated with the degree of differentiation of 
neoplasia. 
     The results of the present study showed that, the 
immunoreaction of Ki-67 was seen in the nucleus of the 
malignant epithelial cells. This is in accordance with the 
results of J. Carlos de Vicente et al and Costa et al, (4, 25). 
Furthermore Gerdes et al (26) stated, that the antigen was 
present on chromosomes in all phases of mitosis and within 
the nucleus of proliferating cells in interphase. Since Ki-67 
did not react with cells in a resting stage, as the Ki-67-
reactive nuclear antigen is not expressed during the Go 
phase of the cell cycle. Thus, Ki-67 might become an 
important tool for reliable and rapid determination of 
proliferation rates of malignant tumors. 
    In this research, the immunoreaction of Ki-67 was seen 
in both cytoplasm and nucleus (total cell reactivity) of the 
malignant epithelial cells. 
     In the current study, the positive immunoreactivity for 
Ki-67 was observed in all the control sections. This is 
consistent with the findings reported in previous studies that 
showed that Normal oral mucosa showed the lowest 
expression and controlled proliferation rate but with a 

continuous proliferative capacity for Ki-67 located mainly 
in the suprabasal compartment. Also there was a 
characteristic absence of protein expression in the basal 
layer for Ki-67 (27). The nuclear antigen detected by Ki-67 
was also found to be present in a majority of cells of all the 
human cell lines investigated.  
     Gerdes et al, (26) stated that In addition to nuclear 
staining, the basal cells showed weak, but distinct labelling 
of the cytoplasm; both nuclear and cytoplasmic staining was 
also observed in epidermis. 
     In present study, the difference of Ki-67 staining was 
statistically significant in different histological grades of 
OSCC. The well differentiated type was the lowest in Mean 
optical density % (MOD%) and Mean Area %(MA%), 
while the poorly differentiated type was the highest in 
MOD% and MA%.  
     This is in accordance with the results of Olimid et al (24) 
on OSCC who found that the Ki-67 immunoreaction in 
well-differentiated OSCC revealed a medium Ki-67 of 22%, 
in moderately differentiated OSCC Ki-67 was 32%, and a 
medium value of 53% in case of poorly differentiated 
carcinomas. 
     In the current investigation, the MA% and MOD% of Ki-
67 immunoexpression was higher in the poorly 
differentiated type followed by the moderate, and finally the 
well differentiated type.  The difference between these 
grades reached significant value. 
     Dwivedi, et al (28) found that in well differentiated 
OSCC, the expression was observed in peripheral areas of 
islands than the central areas of squamous maturation. This 
suggested that less differentiated cells are located in the 
peripheral layer and the central cells are highly 
differentiated with the ability of keratinization, thus, no 
expression of Ki-67 was observed in the central cells of the 
tumor island.  
     In moderately differentiated OSCC, Ki-67expression 
when observed in both tumor islands and diffuse staining in 
other areas. The overall staining of Ki-67 in moderately 
differentiated tumors was more increased quantitatively 
than well differentiated whereas in poorly differentiated 
OSCC the staining of Ki-67 was diffuse and more intense 
as the cells were less differentiated and in more proliferating 
phase. The expression of Ki-67 is correlated with the 
grading of OSCC as it describes the growth fraction of the 
tumor (29).  
     CD105, also known as endoglin 8, is a good marker for 
the measurement of microvascular density (MVD). It is an 
accessory receptor for transforming growth factor beta 
(TGF-β) and its expression is up-regulated in actively 
proliferating endothelial cells. Endoglin has been suggested 
as an appropriate marker for tumor-related angiogenesis and 
neovascularization (30). Quantification of tissue 
angiogenesis can be made by counting microvasculature in 
a given area by immunohistochemical staining (31).  
      In the current study, the positive immunoreactivity for 
CD105 was observed in all the control sections. This is 
consistent with the findings reported in previous studies. (6, 
32-35). Similarly Mărgăritescu et al (25) found that in 
normal oral mucosa and in the resected tumor edges 
microvessels rarely expressed CD105 and staining was faint 
and weak. These vessels were mainly located immediately 
underneath the epithelium.  
     In this study, CD105 was expressed in all cases of 
OSCC. This is in agreement with previous studies which 
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stated that (36) endoglin is a powerful marker of 
neovascularization in solid malignancies. The results of the 
present study showed that staining is very selective for the 
blood vessel endothelium. Endoglin reacts specifically with 
angiogenic endothelial cells. This is in accordance with the 
results of Mărgăritescu et al(25) who concluded in his 
studies 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.  
      In the present research, The OSCC cases showed intense 
and abundant expression of CD105. MA% and MOD% 
were calculated. MA % reach significant value, while the 
MOD% appeared not statistically significant.  
     In the present study, it was found that there is no 
significant correlation between different grades of oral 
squamous cell carcinoma in expression of CD105.These 
results were in accordance to the results of  Mărgăritescu et 
al (25) which stated that CD105 statistical analysis did not 
show any significant association of MVD with age, sex, 
primary tumor’s location, clinical stage or differentiation 
grade. On the other hand, they were not supported by Tadbir 
et al(22)  who found that there was a decreasing level of 
CD105 at higher grades of differentiation. In both the 
intratumoral and invasive front regions, as the clinical stage 
of the disease progressed, the levels of CD105 expression 
increased. Likewise, Chien et al,(23) Miyahara et al(37), 
reported the same results. However Mărgăritescu et al.(25)  
did not observe any association.  
 
CONCLUSION 
Ki-67 67 and CD105 can be detected 
immunohistochemically in OSCC biopsies. The intensity of 
their expression is directly proportional to the 
histopathological grading of the disease. Additionally, the 
fraction of Ki-67positive tumor cells (the Ki-67 labeling 
index) is often correlated with the clinical course of OSCC. 
CD105 microvessel density can be a useful factor for 
predicting the course of oral squamous cell carcinoma 
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