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INTRODUCTION

Oral squamous cell carcinoma (SCC) is an aggressive 
epithelial neoplasm. Even with early detection and treatment 
the overall survival rate is only slightly improved. The role 
of angiogenesis in neoplasia has been receiving increasing 
attention in recent times since it can be used as independent 
prognostic indicator for tumor progression and metastasis and 
also as a novel second target for anticancer therapy instead of 
direct tumor cell inhibition.[1]

Angiogenesis is the process of formation of new microvessels from 
the preexisting vasculature. No solid tumor can probably grow 

more than 1-2 mm3 in volume, unless it can synthesize its own 
network of new microvessels. The formation of such a network 
requires a direct or indirect role of angiogenic factors. Angiogenesis 
is thought to be initiated by an increase in the level of angiogenic 
stimuli and a concomitant decrease in the level of angiogenic 
inhibitors. These factors are produced by tumor cells, stromal cells, 
and inflammatory cells such as mast cells and macrophages.[2]

As vascular endothelial growth factor (VEGF) is considered as 
the most potent candidate for the induction of angiogenesis in 
tumor growth, it has naturally received attention as a potential 
agent for therapeutic angiogenesis. [3] Therefore, the present 
study attempts to assess VEGF expression and microvessel 
density (MVD) in oral tumorigenesis and their correlation 
with clinicopathologic parameters.

MATERIALS AND METHODS

The present study was carried out on 60 archival specimens, 
which included 10 normal oral mucosa (NOM), 7 mild epithelial 
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dysplasia (Mild ED), 8 moderate epithelial dysplasia (Mod ED), 
5 severe epithelial dysplasia (SED), 14 well-differentiated SCC 
(WDSCC), 11 moderately-differentiated SCC (MDSCC), and 5 
poorly-differentiated SCC (PDSCC). Formalin-fixed paraffin-
embedded tissues were sectioned at 3-4 μm thick sections using 
a semi-automatic microtome. Consecutive sections were placed 
on slides precoated with egg albumin for routine hematoxylin 
and eosin staining and on slides coated with poly-L-lysine for 
immunohistochemical staining for VEGF and CD34.

Determination of VEGF expression

VEGF expression was determined by immunohistochemistry, 
using a rabbit polyclonal anti-VEGF antibody (BioGenex, 
USA), to assess localization, intensity, and area of stained 
cells. Intensity of the stain was scored on the following scale: 
0 = no staining, 1 = mild staining, 2 = moderate staining, and 
3 = intense staining [Figure 1].

The area of staining was scored as follows: 0 = no stained cells in 
any microscopic field, 1 = <25% of tumor cells stained positively, 
2 = 25%-50% of tumor cells stained positively, 3 = 50%-75% 
of tumor cells stained positively, and 4 = more than 75% of 
tumor cells stained positively. The sum of the scores for area and 
intensity of staining were used for statistical analysis.[4]

Determination of microvessel density

To determine MVD, as specified by Weidner et al.,[5] any 
brown-staining endothelial cell or endothelial cell cluster that 
was clearly separate from adjacent microvessels, tumor cells, 
and other connective tissue elements was considered a single, 
countable microvessel. Vessel lumens, although usually present, 
were not necessary for a structure to be defined as a microvessel, 
and red cells were not used to define a vessel lumen. Microvessel 
counts were determined blindly, the investigator was blinded to 
this variable. After selecting three microscopic fields of highest 
neovascularization (vascular hotspots) under low magnification, 
individual microvessels were manually outlined using freehand 
draw option in the image analysis software (Pro Plus) and 

counted under high power. Images of these selected fields along 
with the marked microvessels were captured [Figure 2]. The 
mean average scores were tabulated and used for the statistical 
analysis.

Results were expressed as mean ± standard deviation. One-way 
ANOVA (F-test) was carried out for comparing the parameters 
for multiple groups such as different histopathological grades 
of dysplasia and carcinoma. Comparison between groups was 
carried out using the Student’s ‘t’ test. Correlations between 
VEGF score and MVD were assessed using the Karl Pearson 
coefficient of correlation. For all tests a P-value of ≤0.05 was 
considered to be of statistical significance.

RESULTS

VEGF expression (total score)

The mean and standard deviation of VEGF expression did not 
uniformly increase with the ascending clinical stages. When the 
mean scores of VEGF were compared in relation to different 
histopathologic grades, an increase in VEGF scores was noted 
from NOM to dysplasia to oral SCC [Graph 1]. Comparison 
between the groups showed a decrease in the mean VEGF 
scores from WDSCC to MDSCC to PDSCC [Graph 2].

Microvessel density (microvessels/mm2)

The mean and standard deviation of MVD in relation to the 
clinical stage showed variable results. When the mean scores 
of MVD were compared in relation to different histopathologic 
grades, an increase in MVD score from NOM to dysplasia to 
OSCC was noted [Graph 3]. Comparison between the groups 
showed a decrease in the mean MVD score from WDSCC to 
MDSCC to PDSCC [Graph 4].

To assess the correlation between VEGF and MVD, the Karl 
Pearson correlation coefficient was calculated, and the results 
showed a positive correlation, with high statistical significance 
(r=0.61, P<.00).

Figure 1: Intense VEGF expression in SED (×400)
Figure 2: The photomicrograph showing microvessels outlined, traced 
and numbered using pro plus image analyzer software (×400)
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DISCUSSION

In the present study, both VEGF expression and MVD did not 
show an uniform increase with the ascending clinical stages of 
oral SCC. Whereas, in relation to the histopathologic grades, 
an increase from NOM to dysplasia to oral SCC was noted. A 
comparison between the groups showed a decrease in the mean 
scores of VEGF as well as MVD from WDSCC to MDSCC 
to PDSCC, which is similar to the finding in the studies by 
Shintani et al.[6] But overall, an increase in mean scores from 
NOM to dysplasia to OSCC was observed histopathologically, 
which is similar to the findings of Gasparini et al.,[7] Williams 
et al.,[8] Pazouki et al.,[9] Denhart et al.,[10] Sauter et al.,[11] 

Iamaroon et al.,[12] and Shang et al.[13] However, studies by 
several other authors have showed contrasting results, e.g., 
Leedy et al.,[14] Gleich et al.,[15] Moriyama et al.,[16] Tae et al.,[17] 

and Carlile et al.[3]

A probable explanation could be that nutrition is necessary 
for the initial establishment and growth of tumor mass but, 
eventually, the differentiating tumor houses a number of 
various modulating factors such as VEGF isoforms (VEGF-C 

and VEGF-D),[18] iNOS,[4,13] endothelins,[19,20] CXCL-5, 
CXCL-8,[18,21] and COX-2,[4,22] with various oncogenes like 
ras[23] and tumor suppressor genes like p53[7] acting upon it. 
As stated by several authors,[21,24,25] activated oncogenes and/
or inactivated tumor suppressor genes bring about increased 
VEGF expression, firstly, through the ras-raf-MAPK pathway 
and, secondly, through progressive tumor growth, which 
eventually induces hypoxia.

The differences between the results of various studies[26,27] 
could be due to the different antibodies (CD-31, CD-34, factor 
VIII, etc.) used by several authors to define endothelium and the 
different methodologies used in the assessment of parameters, 
besides the interobserver variation. The nonavailability of 
direct methods to measure angiogenic activity could be one 
of the causes; none of the existing methods can differentiate 
or mark a resting or active angiogenic vessel. Differences 
between immunohistochemical protocols, for instance, 
selection of the paraffin block, level of section within the 
tissue block (superficial or deep), and the issue of hot spot 
selection may have also contributed to variations in the results. 
The lack of reproducibility of measurements due to inadequate 

Graph 1: Comparison of VEGF scores between the three histopathologic 
groups

Graph 2: Comparison of VEGF scores between the histopathologic 
grades

Graph 3: Comparison of MVD scores between the three histopathologic 
groups

Graph 4: Comparison of MVD scores between the histopathologic 
grades
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standardization and different methodology used also adds 
to it. Additionally, quantifying the MVD involves selecting 
the most angiogenic areas, and this may not always be 
representative of the tumor. Expression of the various VEGF 
isoforms within the tissues, together with cross-reactivity of 
antibodies, could also contribute to the bias.

Finally, a positive correlation was seen between VEGF and 
MVD (r = 0.61, P<.00); the strong statistical significance 
confirming that there is close correlation between them and 
that VEGF plays a role in early neovascularization of OSCC 
as described by Sauter et al.[11] and Wulfing et al.[19] However, 
the majority of research studies have shown contrasting 
results.[3,15-17]

These findings suggest that angiogenesis increases with 
disease progression. VEGF may indeed be referred to as an 
important mitogen responsible for the neovascularization of 
these tumors, and MVD can be used as an indicator for disease 
progression. These findings also indicate that suppression of 
the angiogenic functions of VEGF can be the basis of a new 
treatment for oral squamous cell carcinoma.
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