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Abstract 
Oral cancer is an important cause of worldwide morbidity and mortality, with substantial economic, physiological, and psychosocial impacts 
due to its treatment modality and a great risk for recurrences and second primary oral squamous cell carcinomas (OSCC) development. 
Therefore, it is very important to understand the underlying cell biology of such tumors. It is now a well-accepted fact that angiogenesis is 
essential for the growth and metastasis of solid tumors, including head and neck squamous cell carcinoma. The main factor responsible for 
angiogenesis is VEGF and its receptors. It has been demonstrated that VEGFRs are also present on tumor cells themselves and other 
cells from the tumor microenvironment, in addition to tumoral endothelial cells (ECs). Therefore between these cells take place numerous 
and different interactions mediated via paracrine/autocrine pathways that promote angiogenesis, uncontrolled tumor proliferation and 
metastasation. In consequence, estimation of VEGF expression and its receptors became a reliable prognostic tool in OSCCS, predicting 
the poor disease-free survival, poor overall survival, and metastatic disease. Understanding the distribution and role of VEGF and its 
receptors in the progression of OSCC will be essential to the development and design of new therapeutic strategies. 
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 Introduction 

Oral squamous cell carcinoma (OSCC) represents an 
important pathology of the upper digestive tract, being 
the sixth common cancer diagnosed around the world 
[1]. Although improvements have been achieved in 
surgical techniques, radiation therapy protocols, and 
chemotherapeutic regimes, the overall five-year survival 
rate for this disease remains at about 50% and has not 
significantly improved for the past 30 years [2]. One 
important mechanism involved in the pathobiology of 
these tumors is angiogenesis. 

Angiogenesis plays an important role in tumor 
growth and metastasations [3], and vascular endothelial 
growth factor (VEGF) is an angiogenic cytokine expre-
ssed by tumors [4]. VEGF is also known as a vascular 
permeability factor, being considered a key regulator in 
tumor-induced neoangiogenesis [5]. In humans, VEGF 
is expressed in practically all solid tumors studied, as 
well as in some hematological malignancies [6].  
In addition, in some human malignancies, VEGF-
expression correlates with disease progression and 
survival [7], while other studies have shown that the 
expression of VEGF is an independent prognostic factor 
in patients with breast cancer [8, 9], colon cancer [10] 
and esophageal squamous cell carcinoma [11]. 

 The biology of VEGF and its receptors 

VEGF gene regulation and expression control 
VEGF gene and its isoforms (Figure 1) 

VEGF-A, also known as a vascular permeability 
factor (VPF) is a heparin-binding, dimeric polypeptide, 
belonging to the platelet-derived growth factor family 
[12], which currently includes beside VPF, placenta 
growth factor (PlGF), VEGF-B, VEGF-C, VEGF-D, 
and VEGF-E [13–19]. 

From those six members, VEGF-A plays essential 
roles in vasculogenesis and angiogenesis [20]. At least 
six VEGF isoforms with different amino acid numbers 
are produced through alternative splicing: VEGF121, 
VEGF145, VEGF165, VEGF183, VEGF189 and VEGF206 
[21]. The majority of cells secrete VEGF121, VEGF165 
and VEGF189. While VEGF121 is present diffuse and 
relatively freely in tissues, approximately half of the 
secreted VEGF165 binds to cell surface heparan sulfate 
proteoglycans and the remaining VEGF189 is almost 
completely sequestered in the extracellular matrix 
making this a reservoir of VEGF that can be mobilized 
via proteolysis [22]. The secreted forms of VEGF 
induce proliferation of endothelial cells (ECs) and  
in vivo angiogenesis, while heparin-binding forms of 
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VEGF can bind to cell surface and extracellular matrix 
proteoglycans and facilitate the release of other 

angiogenic factors stored on heparin sulphates from the 
extracellular matrix [23]. 

 
Figure 1 – Biology of VEGF and its receptors. 

 
Placenta growth factor (PlGF) is mainly expressed 

in placenta, heart and lungs [24]. As homodimers, PlGF 
binds VEGFR-1 and neuropilin-1, while PlGF hetero-
dimers bind VEGFR-2 being implicated in angiogenesis 
regulation [25, 26]. There were reported three human 
isoforms of PlGF (PlGF-1, -2 and-3), from which only 
PlGF-2 binds to cell surface heparan sulfate proteo-
glycans [27].  

VEGF-B is a ligand for VEGFR-1 and neuropilin-1, 
expressed in humans as two different isoforms: VEGF-
B167, mostly sequestered in the extracellular matrix and 
abundantly expressed in brown fat, in the myocardium 
and skeletal muscle; and VEGF-B186 freely diffusible 
[28, 29]. The VEGF-B function is most probable linked 
to high cellular energy metabolism [30, 31]. 

VEGF-C is produced as a precursor protein, which 
is activated by intracellular secretory proprotein 
convertases furin, PC5 and PC7 [32, 33]. The mature 
form of VEGF-C induces mitogenesis, migration and 
survival of ECs [34]. The major function of VEGF-C 
consist in regulation of lymphatic vessel growth by bin-
ding to VEGF-receptor-3 (VEGFR-3, Flt-4), a tyrosine 
kinase receptor which is predominantly expressed in the 
endothelium of lymphatic vessels [14, 23].  

VEGF-D was isolated as a fos-inducible factor from 
mouse skin fibroblasts [35] and the mature form binds 
in vivo and activates VEGFR-2 and VEGFR-3, being 
mitogenic for EC and angiogenic as well as lymphan-
giogenic [34]. In humans, VEGF-D is expressed mostly 
in the lung and skin during embryogenesis [36] and has 
been shown to be of prognostic value for lymphatic 
vessel invasion and also survival in certain human 
cancers [37]. 

VEGF-E expression is regulated by the parapox-
virus strain NZ7, stimulating angiogenesis in the dermis 
underlying the site of the viral infection [17, 38]. It was 
demonstrated that VEGF-E binds with high affinity to 

VEGFR-2 [17, 39], stimulating the release of tissue 
factors, proliferation, chemotaxis and sprouting of 
cultured vascular ECs in vitro and angiogenesis in vivo. 

VEGF receptors and co-receptors 

VEGF-A and all its isoforms bind to VEGFR-1  
and VEGFR-2 as well as interact with a family of  
co-receptors, the neutropilins (neuropilin-1 and neuro-
pilin-2) [22, 40].  

VEGFR-1 binds VEGF, VEGF-B and PlGF with 
high affinity and induces weak mitogenic signals in ECs 
[22, 41]. Activation of VEGFR-1 promotes endothelial 
cell migration but does not induce cell proliferation 
[42]. Besides endothelial cell expression, the VEGFR-1 
was also observed in osteoblasts, monocytes/macro-
phages, pericytes, placental trophoblasts, renal mesangial 
cells and in some hematopoietic stem cells [22, 43].  
By regulating VEGF concentration that may act on 
VEGFR-2, it may help reduce endothelial cell prolife-
ration and prevent overcrowding and vascular disorgani-
zation [44]. In addition, an alternatively spliced iso-
forms was described, a soluble form of VEGFR-1 that is 
able to inhibit VEGF-action [44]. VEGFR-1 expression 
is up-regulated by hypoxia via (transcription hypoxia 
inducible factor) HIF-dependent mechanism [45]. In the 
lung VEGFR-1 induce secretion of Matrix Metallo-
proteinase 9 (MMP9) at the vascular bed, thus facilita-
ting metastasis [46]. Another function of VEGFR-1 at 
the level of vascular endothelium is to release tissue 
specific factors in a perivascular specific pattern [47].  

VEGFR-2 binds VEGF, VEGF-C, VEGF-D, 
VEGF-E and PlGF, factors that regulate the expression 
of this receptor [48, 49]. VEGFR-2 is the major 
mediator of endothelial cell mitogenesis, proliferation 
and survival [17, 50, 51]. VEGFR-2 expression is 
down-regulated in the adult blood vascular ECs, and is 
again up-regulated in the endothelium of angiogenic 
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blood vessels [52]. It is also essential for the differenti-
ation of ECs and the induction of microvessel permea-
bility [22, 40, 53]. In addition to the ECs, VEGFR-2 is 
also expressed on neuronal cells, osteoblasts, pancreatic 
duct cells, retinal progenitor cells, megakaryocytes and 
hematopoietic stem cells [22, 54]. 

VEGFR-3 species bind VEGF, VEGF-C and 
VEGF-D, and are composed of two isoforms (VEGFR-
3short and VEGFR-3long), and regulate lymphangio-
genesis, the growth of new lymphatic vessels [55–58]. 
VEGFR-3 (or Flt-4) is mostly expressed in lymphatic 
vessels [59] and in hematopoietic cells of monocytic 
lineage [23, 60]. It was demonstrated on animal models 
that VEGF-C/VEGFR-3 axis plays a critical role in 
cancer metastasis by inducing lymphangiogenesis  
[61–63]; but this axis may have many undefined 
functions and mechanisms in tumor progression, and 
further investigations would be necessary. In addition, 
mutations in VEGFR-3 have been linked with heredi-
tary lymphedema, an autosomal dominant disorder of 
the lymphatic system that leads to disabilitating 
swelling of the extremities and, in rare cases, to lymph-
angiosarcomas [64]. It has been suggested that disturbed 
VEGFR-3 signaling may play a key role in the 
development of this disease. In adults, VEGFR-3 is also 
expressed in a subset of capillary endothelia, although it 
is absent in endothelia of all large blood vessels [65]. 

Neuropilins-1 and -2 are more important in immu-
nology and neuronal development, but they are also 
involved in angiogenesis [66, 67]. Neuropilins bind 
especially class 3 semaphorins but the Neuropilin-1 also 
binds VEGF, VEGF-B and PlGF, while Neuropilin-2 
binds VEGF, VEGF-C and PlGF [67]. When is co-
expressed in cells together with VEGFR-2, Neuropilin-1 
enhances the binding of VEGF165 to VEGFR-2 and 
augments tumor angiogenesis in vivo [68, 69]. Nrp-2 is 
expressed also on lymphatic ECs, and mutated Nrp-2 
forms induce abnormalities in the formation of small 
lymphatic vessels and lymphatic capillaries in mice [70]. 

Regulation of VEGF gene expression 

The VEGF gene transcription is upregulated by 
hypoxia [71]. In this regulation, the major role is played 
by HIF, which operates in concert with the product of 
the von Hippel–Lindau (VHL) tumor suppressor gene, 
that under normoxic conditions target HIF-processing 
for ubiquitination and degradation [71]. Beside this,  
a very broad and diverse spectrum of oncogenes, 
including mutant ras, erbB-2/Her2, activated EGFR and 
bcr-ab, are implicated in tumoral VEGF-A upregulation 
[71, 72]. Currently, a variety of growth factors, cyto-
kines as well as nitric oxide have been found to 
potentiate or inhibit VEGF expression [22, 41]. 

The biological activities of VEGF and thera-
peutic implications 

The role of VEGF and its receptors in vasculo-
genesis and angiogenesis 

VEGF is involved in every stage of vascular 
development [42] due to its ability to induce various 
responses on ECs, including cell proliferation, migra-
tion, specialization and survival [22, 42].  

Vascular system development is one of the earliest 
events to occur in organogenesis. The early blood 
vessels develop by aggregation of de novo-forming 
angioblasts into a primitive vascular plexus (vasculo-
genesis), which then undergoes a complex remodelling 
process, in which growth, migration, sprouting and 
pruning that lead to the development of a functional 
circulatory system [73]. Many of these events are 
promoted, guided and aided by VEGF [42], and a 
decrease of the amounts of VEGF produced during the 
development of the embryo may lead to decreased 
angiogenesis with fatal consequences. Thus, in 
homozygous animals, disruption of the genes encoding 
the VEGF tyrosine-kinase receptors VEGFR-2 [74] and 
VEGFR-1 [75] result in severe abnormalities of blood 
vessel formation. 

After birth, angiogenesis still contributes to organ 
growth but, during adulthood, most blood vessels 
remain quiescent with only 0.01% of ECs undergoing 
division, and thus angiogenesis occurs only in the 
cycling ovary and in placenta during pregnancy. 
Nevertheless, ECs retain their remarkable ability of 
dividing rapidly in response to a physiological stimulus, 
such as hypoxia, so angiogenesis is reactivated during 
wound healing and repair. When the stimulus becomes 
excessive, neoangiogenesis may became responsible for 
many non-neoplastic diseases such as: ocular and 
inflammatory disorders, obesity, asthma, diabetes, 
cirrhosis, multiple sclerosis, endometriosis, AIDS, 
bacterial infections and autoimmune disease, and the list 
is rapidly growing [76]. 

The best-known conditions in which angiogenesis is 
switched on are malignant disorders. Most notably, 
many tumors promote their own growth and dispersion 
to form metastases by recruiting host blood vessels to 
grow into the vicinity of the tumor (so-called tumor 
angiogenesis) [77]. Many studies revealed the role of 
VEGF-A in tumor angiogenesis [22, 78]. This growth 
factor act as angiogenic by binding to two receptor tyro-
sine kinases (RTK), VEGFR-1 (Flt-1) and VEGFR-2 
(KDR, Flk-1). It is now generally accepted that 
VEGFR-2 is the major mediator of the mitogenic, 
angiogenic and permeability-enhancing effects of 
VEGF-A. The role of VEGFR-1 in the regulation of 
angiogenesis is controversial. While the main action of 
this receptor is to sequester VEGF, preventing it from 
interacting with VEGFR-2 in some tumors may promote 
angiogenesis by recruitment in tumor vasculature of 
monocytes and other bone marrow-derived cells [45, 79, 
80]. Moreover, VEGFR-1 is involved in the induction of 
matrix metalloproteinases [46] and in a paracrine relea-
se of growth factors from ECs [47]. 

Other roles of VEGF and its receptors 

VEGF have also lymphangiogenic effects that may 
be linked to the recruitment of inflammatory cells, such 
as macrophages, which express VEGFR-1 and secrete 
lymphangiogenic factors [81–83]. However, the most 
potent factor implicated in lymphangiogenesis is 
VEGFC, which by binding on VEGFR-3 induces migra-
tion of ECs committed to the lymphatic endothelial 
lineage [84]. 
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In addition, VEGF acts as a potent survival factor 
for ECs during physiological and tumor angiogenesis 
and it has been shown to induce the expression of anti-
apoptotic proteins in ECs [85, 86]. Moreover, VEGF 
increases the permeability of the endothelium by 
forming intercellular gaps, vesico-vascular organelles, 
vacuoles and fenestrations [87], and also causes 
vasodilatation through the induction of endothelial nitric 
oxide synthase and the subsequent increase in nitric 
oxide production [88, 89]. Furthermore, VEGF stimu-
lates inflammatory cells recruitment and promotes the 
expression of proteases implicated in pericellular matrix 
degradation in angiogenesis [90–92]. 

Besides its vascular activity, VEGF is also trophic 
for nerve cells, lung epithelial cells and cardiac muscle 
fibers, this further explaining why insufficient VEGF 
levels contribute to neurodegeneration [93], respiratory 
distress and, possibly, cardiac failure [76]. Thus, VEGF 
acts not only on ECs, but also on hematopoietic stem 
cells, monocytes, osteoblasts and neurons, inducing 
mobilization of stem cells, chemoattraction of mono-
cytes, bone formation and neuronal protection [22, 94]. 

Understanding the biology of VEGF and its 
receptors facilitated the development of therapeutic 
strategies to promote revascularization of ischemic 
tissues or to inhibit angiogenesis in cancer, ocular, joint 
or skin disorders. Therefore, the anti-VEGF treatment 
combined with chemotherapy or radiation therapy in the 

attempt to cure some solid tumors proved an increased 
anti-tumoral effect compared to conventional treatment 
modalities taken alone [22].  

 VEGF and their receptors expression in 
normal and pre-neoplastic lesions of 
oral mucosa 

Studies regarding VEGF-expression in normal and 
dysplastic oral epithelium and the potential role of 
VEGF in oral cancer progression are contradictory.  

Thus, some authors found that either the normal and 
mildly dysplastic oral epithelium have no VEGF-
expression or the expression was significant lower than 
neoplastic epithelium [95–97]. Moreover, Johnstone S 
and Logan RM [98], indicated a significant up-
regulation of VEGF expression during the transition 
from normal oral epithelium through dysplasia to 
OSCC, but no correlation was found between VEGF-
expression and the grade of dysplasia. In our 
experience, VEGF-expression was up-regulated in 
cancerous tissues compared to normal oral mucosa 
[authors’ unpublished data] (Figure 2). According  
to these results VEGF could be implicated in tumor 
progression by increasing the vascularity during  
the transition from normal oral mucosa, through  
variate degrees of dysplasia and to invasive carcinoma 
[97, 99–105]. 

 
Figure 2 – Double immunostaining (VEGF – red/CD105 – brown): (a) Normal lower lip; (b) Lower lip mucosa with 
hyperplasia; (c) Lower lip mucosa with mild to moderate dysplasia; (d) Well differentiated OSCC of the lower lip. 
Bars: 50 μm. 
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On the other hand, other authors do not revealed any 
differences between VEGF-expressions in normal oral 
mucosa when compared to epithelial dysplasia [99, 106] 
or even to cancerous lesions [106]. Moreover, Tae K 
et al. [107] investigating VEGF-expression in head and 
neck squamous cell carcinomas observed that the level 
of expression were highest in normal control oral 
epithelium and decreased as lesions progressed from 
adjacent normal epithelium to hyperplasia, to dysplasia, 
and to invasive cancer. In agreement with this results, 
studies regarding VEGF-expression at other sites then 
oral cavity, such as skin, vulva, prostate and salivary 

gland lesions, prove a higher expression of this growth 
factor in normal tissue and benign lesions compared to 
cancer [108–111]. As an explication to these results, it 
was proposed that VEGF is involved in regulating the 
functions of these tissues under normal physiological 
conditions. 

There are no data regarding VEGF-receptor expre-
ssion in normal or preneoplastic oral epithelium. In our 
experience, VEGFR-1 and VEGFR-2 are expressed in 
the cytoplasm of acinary cells and luminal cells of 
excretory ducts of minor salivary glands and in macro-
phages (Figure 3). 

 
Figure 3 – Single immunostaining (VEGFR-1 – brown): (a) Cytoplasmatic expression in the luminal cells of an 
excretory duct of minor salivary glands; (b) Cytoplasmic expression in macrophages and stromal fibroblast from the 
lower lip mucosa; Single immunostaining (VEGFR-2 – brown) (c) Cytoplasmic expression in the acinus cells of oral 
floor minor salivary glands; (d) Cytoplasmic expression in the luminal cells of an excretory ducts of oral floor minor 
salivary glands. Bars: 50 μm. 

 
 Expression of VEGF and its receptors in 
oral cancer tissue 

Regarding tumor tissue reactivity to VEGF in oral 
cancer, data from literature are also disputed. The per-
centage of VEGF-positive OSCC cases varies from 24% 
to 100% with a mean positivity of 77% [97, 98, 112–
121]. In our experience, this percentage did not exceed 
87% in our casuistry. 

As we showed, data from literature revealed that the 
immunostaining pattern of VEGF in the tumoral tissue 
was heterogeneous, either from case to case but also 
within the same case but in different regions (Figure 4). 

Many studies proved that the level of VEGF-
expression in those cases of OSCC-positive to such 
growth factor increases with tumor invasion depth [115, 
122]. Moreover, Shintani S et al. [119] proved that 
VEGF-C and -D expression were frequently up-regula-
ted at the infiltrating tumor front. 

Some studies revealed an increased VEGF-expre-
ssion in tumor cells located near necrotic regions within 
the tumor [4, 123]. It was suggest that hypoxia was 
responsible for this result, by regulating both VEGF and 
HIF-1a expression. 

The majority of studies on oral cancer, proved that 
there was no significant association between VEGF-



Cl. Mărgăritescu et al. 

 

532 

expression and the histological degree of tumor 
differentiation [107, 113, 117, 118, 120, 122].  
In contrast with these, other studies, including our work, 
have found a significant correlation between VEGF-
expression and tumor differentiation, the expression of 
VEGF appearing to be reduced in poorly differentiated 
OSCCs (Figure 5) [97, 98, 119]. 

In what it regards the expression of the other  
VEGF family members in OSCCs, Shintani S et al. 
[119] noticed more numerous positive cases for  
VEGF-B and VEGF-C than VEGF-A, while VEGF-D 

was up-regulated in a smaller number of cases.  
Neuchrist C et al. [124] showed an up-regulation of 

the lymphangiogenic factor VEGF-C and its receptor 
VEGFR-3 in head and neck squamous cell carcinomas 
compared with normal tissue from the head and neck 
regions. VEGF-C was also detected immunohistochemi-
cally in some stromal, mainly perivascular situated, 
mononuclear cells. The authors suggest that these cells 
morphologically resemble to macrophages, angioblasts, 
or dendritic cells, all of which bear VEGF-receptors 
according to the literature [125–127].  

 
Figure 4 – Double immunostaining (VEGF – red/CD105 – brown): (a) Inside region of a well differentiated OSCC – 
lip; (b) Edge region of a well differentiated OSCC – lip; (c) Inside region of a moderate differentiated OSCC – tongue; 
(d) Edge region of a moderate differentiated OSCC – tongue; (e) Inside region of a oral floor poor differentiated 
OSCC; (f) Edge region of a oral floor poor differentiated OSCC. Bars: 50 μm. 
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Figure 5 – Double immunostaining (VEGF – red/CD105 – brown): (a) Inside region of a well differentiated OSCC – 
lip; (b) Edge region of a well differentiated OSCC – lip; (c) Inside region of a moderate differentiated OSCC – tongue; 
(d) Edge region of a moderate differentiated OSCC – tongue; (e) Inside region of a poor differentiated OSCC – oral 
floor; (f) Edge region of a poor differentiated OSCC – oral floor. Bars: 50 μm. 

 
These results in conjunction with the expression of 

VEGFR-3, even at a low level on tumor cells, pointed 
out to the existence of an autocrine growth loop  
VEGF-C/VEGFR-3 and a paracrine growth loop 
between tumor cells, macrophages, angioblasts, and 
stromal vessels. 

Many other studies proved that tumor cells of OSCC, 
in the early stage of development, express VEGF-C 
[119, 128–138], which in turn may elevate the risk of 
precocious nodal metastasis. In addition, Ohno F et al. 
[133], observed a decreasing VEGF-C-expression in the 

tumor cells with the depth of tumor invasion from super-
ficial to deep areas. On the contrary, Nakaya H et al. 
[131] proved that the expression of vascular endothelial 
growth factor-C increased as tumor invasion progresses. 

Most recently, Matsuura M et al. [139], revealed that 
the VEGF-C/FLT-4 autocrine loop in tumor cells was a 
potential enhancer system to promote cancer progression 
in oral mucosa. 

Studies concerning VEGF-receptors expression in 
OSCCs revealed that all three receptors (VEGFR-1, 
VEGFR-2, and VEGFR-3) were consistently expressed 
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on tumor cells and vascular ECs [140–143], along with 
a predominant overexpression of VEGFR-2. Regarding 
their level of expression, Lalla RV et al., [142] found 
that VEGFR-3 imunostaining was higher than VEGFR-1 
and VEGFR-2, the last one having the lowest expression 
on tumor cells. These results suggest an autocrine regu-
latory function for VEGF in tumoral grow (Figure 6). 

The study conducted by Kyzas PA et al. [141] 
demonstrated the colocalization of VEGF and  
VEGFR-2 in cancer cells, and occasionally the co-
expression of VEGF/VEGFR-2/Ki-67 in the same cell. 
Regarding this results, the authors suggest the existence 
of a VEGF autocrine loop in OSCCs but with the 
specification that might not be a general property of 
head and neck squamous cell carcinomas. Thus, it was 
revealed that tumors located in the lower lip 
demonstrated VEGF/VEGFR-2 overexpression very 
rarely, and this might offer a logical explanation for 
their decreased aggressivity (Figure 7) [141]. 

On the other hand, the expression of either VEGF or 
VEGFR-2 in cancer cells located in the same tumor area, 
suggests the existence of a paracrine (endothelial-inde-
pendent) loop between cancer cells (Figure 8) [141]. 

Regarding VEGFR-1 expression in neoplastic cells, 
Kyzas PA et al. [141] did not observe any correlation 
neither with VEGF, nor with Ki-67 expression. This fact 
suggests that autocrine VEGF-pathways have different 

manifestation in different neoplasms. However, the 
authors pointed out that VEGF autocrine action is an 
enhancer of uncontrolled tumor proliferation and along 
with tumor angiogenesis regulates tumor metastatic 
potential, increasing tumor aggressivity (Figure 8). 

On VEGFR-3 expression in OSCCs, Neuchrist C 
et al. (2003) found that this receptor was rather up-
regulated on ECs than on tumor cells. However, the 
authors pointed out about the existence in OSCCs of a 
VEGF-C–driven autocrine growth loop similar to that of 
VEGF/VEGFR-2 (Figure 8). These results were 
confirmed by other studies [139, 144]. In addition 
Sugiura T et al. [144], observed an intense VEGF-C and 
VEGF-D staining on the membrane of SCC cells, 
especially at the invasive edge.  

The study of Lalla RV et al., [142] proved the exis-
tence of a significant expression of all three VEGFRs on 
tumor associated macrophages (Figure 9, a, b, e, and f). 
It suggests that the presence of VEGFRs on macro-
phages supports the concept that VEGF produced by 
tumor cells may play a role in the attraction of macro-
phages into the head and neck squamous cell carcino-
mas environment. An increasing macrophage infiltration 
is associated with increased VEGF expression, increa-
sed angiogenesis, and probable with a worse prognosis 
in this cancer similar with breast cancer [145]. 

 
Figure 6 – Single immunostaining (VEGFR-1 – brown): (a) Tumor cytoplasmatic expression inside of a well 
differentiated OSCC – lip; (b) Tumor cytoplasmatic expression at the edge well differentiated OSCC – lip; (c) Tumor 
cytoplasmatic expression inside a moderate differentiated OSCC – tongue; (d) Tumor cytoplasmatic expression at the 
edge of a moderate differentiated OSCC – tongue. Bars: 50 μm. 
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Figure 7 – Single immunostaining (VEGFR-2 – brown): (a) Tumor cytoplasmatic expression inside of a well 
differentiated OSCC – lip; (b) Tumor cytoplasmatic expression inside of a moderate differentiated OSCC – lip;  
(c) Tumor cytoplasmatic expression at the edge of a moderate differentiated OSCC – tongue; (d) Tumor cytoplasmatic 
expression at the edge of a poor differentiated OSCC – oral floor. Bars: 50 μm. 

 
Figure 8 – Autocrine and paracrine loops of OSCCs growth. 
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Figure 9 – Single immunostaining (VEGR-1 – brown): (a) Macrophage cytoplasmatic expression from inside a 
moderate differentiated OSCC – lip; (b) Macrophage and fibroblast cytoplasmatic expression from the edge of a 
moderate differentiated OSCC – lip; (c) Fibroblast cytoplasmatic expression from inside a moderate differentiated 
OSCC – lip; (d) Fibroblast cytoplasmatic expression from inside a moderate differentiated OSCC – tongue; single 
immunostaining (VEGR-2 – brown); (e) Macrophage cytoplasmatic expression from inside a moderate differentiated 
OSCC – lip; (f) Macrophage cytoplasmatic expression from the edge of a poor differentiated OSCC – tongue. Bars: 
50 µm. 

 
Also, Lalla RV et al. [142], found that VEGFR-1 

and VEGFR-3, but not VEGFR-2, were expressed on 
stromal fibroblasts in head and neck squamous cell 
carcinomas (Figure 9, c and d). Therefore, it was 
suggested that the VEGF family also affects fibroblast 
function in the tumor environment of these cancers. The 
authors concluded that recruitment and activation of 
macrophages and stromal fibroblasts play a role in the 

complex regulation of tumor growth and metastasis via 
the VEGF/VEGFR system [142]. 

 VEGF and OSCC angiogenesis 

Traditionally, oral tumor angiogenesis was measured 
by assessing the highest microvessel density (MVD) 
within a tissue sample [101, 107, 146] or by estimating 
the microvascular volume [101]. 
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Our studies revealed a significant difference between 
angiogenesis in the invasive front when compared to the 
centre of the tumor [102] and also we found that the co-
localization of VEGF and CD105 signals on the tumoral 
blood microvessels was higher at the invasion front of 
the OSCC [in press] (Figure 10). These results prove 
that angiogenesis in OSCCs is more active in the 
invasion front. Investigating the relationship between 
VEGF-expression and angiogenesis (as relative blood 
vessel areas) in OSCCs, we established an inversed 
correlation inside the tumor between these two parame-
ters [in press]. 

Literature data regarding the correlation between 
VEGF-expression and angiogenesis in oral cancer are 
also disputed. Some studies have found no correlation 
between VEGF-expression and angiogenesis in oral 
dysplasia or carcinoma [99, 107, 143, 147, 148]. Others 

have showed a trend towards a relation of high VEGF-
expression with high MVD in OSCCs, but the observed 
correlation was not statistically significant [141, 149]. 
However, several other studies have found that an 
increased microvascular density is correlated with an 
increase in VEGF-expression in oral squamous cell 
carcinomas [97, 104, 112, 114, 119, 150, 151]. 
Moreover, in the study conducted by Chien CY et al. 
[150], the cumulative five-year disease-free survival 
rates of patients with low expression of CD105 and 
VEGF were significantly higher than those patients with 
high expression of CD105 and VEGF. Regarding VEGF 
family members, Shintani S et al. [119], have noticed a 
strong correlation between VEGF-A and -B expression 
and MVD, but no relationship between VEGF-C, -D 
expressions and MVD. 

 
Figure 10 – Triple fluorescent labeling (VEGF – red, CD105 – brown, DAPI – blue and colocalization of the VEGF 
and CD105 – yellow): (a) Tumor vessels from inside of a well differentiated OSCC – lip; (b) Tumor vessels from inside 
of a poor differentiated OSCC – oral floor; double immunostaining (VEGF – red, CD105 – brown, colocalization of 
the two signal – yellow); (c) Tumor vessels from the edge of a well differentiated OSCC – lip; (d) Tumor vessels from 
the edge of a moderate differentiated OSCC – tongue. Bars: 50 μm. 

 
Such differences were owed to potential biases in 

the qualitative assessment of intensity of VEGF-staining 
and in the estimation of microvascular density. Also, the 
majority of the studies highlight the tumor microvessels 
with pan endothelial markers (CD31, CD34, and vWF), 
which are far from accurate, as they are neither sensitive 
nor specific enough to distinguish normal vessels from 
neoplastic ones. Only Chien CY et al. [150] used CD105 

for investigating the ongoing angiogenesis, this tumoral 
endothelial marker being proved to be more precise in 
reflecting the dynamic status of the angiogenic activity 
of the tumor [152–154]. 

One of the explanations for lacking of a significant 
association between VEGF and MVD is that VEGF acts 
not only as a vessel-sprouting factor but also as a tumoral 
growth factor in an autocrine manner. This hypothesis is 
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sustained by the vascular ECs themselves producing 
VEGF [155] (Figure 11). Moreover, in tumor angio-
genesis are implicated many other angiogenic factors 

which may act with VEGF in a synergic or an antago-
nistic manner [156]. 

 
Figure 11 – Single immunostaining (VEGF – brown): (a) Tumor vessel from the edge of a lip well differentiated 
OSCC; Double immunostaining (VEGF – red/CD105 – brown); (b) Tumor vessel from inside of a moderate 
differentiated OSCC – tongue; double immunostaining (VEGF – red, CD105 – brown, colocalization of the two signal 
– yellow); (c) Tumor vessels from inside of a well differentiated OSCC – tongue; triple fluorescent labeling (VEGF – 
red, CD105 – brown, DAPI – blue and colocalization of the VEGF and CD105 – yellow); (d) Tumor vessels from the 
edge of a poor differentiated OSCC – tongue. Bars: 50 μm. 

 
Sugiura T et al. [144] noticed an occasional,  

VEGF-D-expression in vascular ECs near the carcinoma 
cell nests. The same authors found a strong correlation 
between lymphangiogenesis (measured as lymphatic 
vessel density) and both VEGF-C and VEGF-D in oral 
SCC patients; the co-expression of both factors being 
significantly related to lymphangiogenesis. 

The same correlation between VEGF-C and 
lymphatic vessel density in human OSCC was noticed 
by other authors [118, 124, 133–135, 157, 158]. 
However, Nakaya H et al. [131] could not find any 
statistically significant correlation between the 
expression of VEGFC and lymph vessel density. 

Moriyama M et al. [143], could not find any 
significant correlation with vessel density, neither for 
VEGFR-2 nor VEGFR-1. However, the mean vessel 
density in VEGFR-3-positive patients was significantly 
higher than that in VEGFR-3-negative patients. 

About VEGF-receptors expression on blood ECs, 
numerous studies indicated the expression of all  
three VEGFRs at this level (Figure 12) [140, 142, 143, 
149, 159].  

Lalla RV et al., [142] proved that vascular ECs 
presented a less consistent and less intense staining for 
VEGFR-1 and VEGFR-2, while there were no signi-
ficant differences for VEGFR-3 between ECs and tumor 
cells, macrophages, or fibroblasts. This pattern of 
VEGF-receptors expression on blood ECs together with 
the VEGF production on these cells justifies the 
existence of an autocrine mechanism for VEGF-induced 
angiogenesis (Figure 13). The strong expression of 
VEGFR-3 on blood ECs was clearly proved to be 
implicated in angiogenesis in head and neck squamous 
cell carcinomas [142]. 

Neuchrist C et al. [140] proved the existence in  
the stroma of head and neck squamous cell carcinomas 
of hemangioblasts, responsible for tumor neoangio-
genesis (Figure 13). The authors observed a strong 
VEGFR-2 positive reaction, but negative to  
CD34, in many large rounded cells located right  
onto the endothelium or in the stroma immediately  
next to inter-cellular gaps, occasionally exhibiting  
rims of immunoreactivity incompletely enclosing 
luminae. 
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Figure 12 – Single immunostaining (VEGFR-1 – brown): (a) Positive vessels from inside of a moderate differentiated 
OSCC – lip; (b) Positive vessels from the edge of a poor differentiated OSCC – oral floor; single immunostaining 
(VEGFR-2 – brown); (c) Positive vessels from inside of a moderate differentiated OSCC – tongue; (d) Positive vessels 
from inside of a poor differentiated OSCC – tongue. Bars: 50 μm. 

 
Figure 13 – Angiogenesis mechanisms in OSCC. 
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It was hypothesized that these cells under VEGF-
activation might stick to the endothelium, transmigrate, 
and bud new micro-vessels. However, we must keep  
in mind that various cell types are able to express  
VEGFR-2 and further promote the formation of vessel-
like structures [126]. Moreover, even tumor cells them-
selves have been shown to form vessel-like structures 
with immunoreactivity for VEGFR-2, a process that has 
been called vascular mimicry (Figure 13) [160]. 

Some authors revealed that expression of VEGFR-3 
in lymphatic vessels of tumor tissue in OSCCs was 
constantly elevated in contrast to varying degrees of 
VEGFR-3 immunoreactivity on ECs of tumor 
microvessels [124, 139, 161].  

Neuchrist C et al. [124], established that VEGFR-3 
was involved as well in tumor lymph angiogenesis as in 
blood vessel neoangiogenesis (Figure 13). Thus, the 

authors found typical VEGFR-3-positive lymph vessels 
that still co-expresed very weakly CD34 and vice versa, 
CD34 blood vessels that kept a baseline expression of 
VEGFR-3. Therefore, it was suggested that these are 
undetermined precursor of the lymphatic and blood 
vessels which after initial upregulation of VEGFR-3 
during the angiogenic process, will be guided toward 
final lymphatic or vascular specialization. 

Matsuura M et al. [139], pointed out that VEGF-C/ 
VEGFR-3 autocrine loop of tumor cells is a novel 
mechanism not only for promoting tumor growth but 
also for tumor-associated neovascularization, especially 
lymphangiogenesis, and is likely to contribute to 
advanced tumor progression in oral squamous cell 
carcinoma; thus, this pathway may become an effective 
target in therapy for malignant neoplasms (Figure 14). 

 
Figure 14 – Lymphangiogenesis mechanisms in OSCC. 

 
 VEGF and OSCC prognosis 

In the majority of OSCC studies, authors have trend 
to establish VEGF correlations with clinico-pathological 
predictors as: tumor-node-metastasis stage, overall 
stage, tumor grade, tumor site, pattern of invasion, 
margin status, tumor necrosis, tumor thick-ness, 
perineural invasion, vascular invasion, smoking status, 
sex, race, and age. In this context, we found a 
significant correlation with tumor size and the presence 
of lymph node metastasis, but no association with 
patients’ gender, age and tumor topography at oral level 
[in press]. 

The data regarding VEGF correlation with clinical 
stages in OSCC are contradictory. Thus, while some 
authors sustained the existence of a significant 
correlation with the clinics [121, 149, 151] other groups 
found no significant correlation between these two 
parameters [113, 117, 119]. In addition, Zhe S et al. 
[151] proved that VEGF-expression significantly corre-

lates with lymph invasion, recurrence, and distant 
metastasis but does not correlate with patients’ gender 
and age. Kyzas PA et al. [149] obtained the same 
results, but also they established that there were no 
correlation between VEGF-expression and histological 
grade, lymph-node status, and smoking habits. 

The majority of the studies revealed that there was 
no correlation between VEGF-C and gender, ethnic 
group, age, tobacco, alcohol, tumor site, histological 
grade, clinical stage, local recurrence, and regional 
recurrence [119, 138, 144, 158]. In addition, Shintani S 
et al. [119] proved that beside VEGF-C also VEGF-A, 
VEGF-B and VEGF-D had no significant correlation 
with T-stages. On contrary, Sedivy R et al. [134] proved 
the existence of a correlation between VEGF-C-
expression and tumor grade, later occurring regional and 
distant metastases, while Kyzas PA et al. [141] noticed 
that positive VEGF-C-expression was also strongly 
correlated with advanced clinical stage. Neuchrist C 
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et al. [124] found that increased VEGF-C-expression on 
tumor cells correlated with an increased incidence of 
recurrences. 

Kyzas PA et al. [141] proved that both VEGFR-1 
and VEGFR-2 did not correlate with age, gender and 
histological grade in patients with head and neck 
tumors. In addition, the authors proved the existence of 
a strong correlation between the two receptors for 
tumors located in the oral cavity and larynx. Regarding 
the clinical stage only, VEGFR-2 presented a strong 
correlation with this parameter. 

Neuchrist C et al. [124] found no statistically signi-
ficant correlations between VEGFR-3-expression and 
the major clinical parameters in head and neck squa-
mous cell carcinomas. They justified these results by the 
fact that they were counting the entire VEGFR-3-
positive vascular network, both mature lymph vessels 
and not only sprouting microvessels. In addition, we 
must keep in mind that VEGFR-3 presents two different 
isoforms which encode a short and a long form of the 
receptor, from which only the long form of VEGFR-3 
was proved to induce cell growth [162]. Therefore,  
this fact could be another explanation for the lack  
of correlation between VEGFR-3-expression and the 
clinical data.  

Although many studies have examined the corre-
lation between VEGF-expression and lymph-node 
metastasis in OSCC, different conclusions have been 
formulated. Thus, some studies [101, 107, 114, 115, 
118, 150, 163, 164]; found a statistically significant 
association between VEGF-overexpression and the 
presence of lymph-node metastasis, whereas others [97, 
117, 121, 149, 165–168], did not notice any significant 
association. To support this correlation, Shang ZJ  
et al. [169] revealed a significant association between 
elevated circulating levels of VEGF and lymph-node 
status and clinical stages of OSCC. Interestingly, 
Boonkitticharoen V et al. [170] proved that oral and 
pharyngeal SCC were more aggressive than laryngeal 
SCC, this aggressivity being owed to the ability of 
tumors within location to exploit VEGF-A in addition to 
proliferation in lymphatic progression. The authors 
concluded that combined expression of Ki-67 and 
VEGF-A may help in identification of patients at risk 
for occult metastases in oral and pharyngeal SCC. 

Moreover, Shintani S et al. [119] showed that 
VEGF-C and -D might promote development of 
lymphatic vessels in OSCCs because the tumor invasion 
and lymph nodes metastatic involvement was closely 
related to the expression of these VEGF isoforms. 

Data from the literature indicates that VEGF-C 
expression by tumor cells correlates significantly with 
lymph-node metastasis in different clinical stages of 
OSCCs [118, 119, 128, 129, 134–136, 144]. In addition, 
Sugiura T et al. [144] proved that both VEGF-C and 
VEGF-D correlated with lymph-node metastasis. 
Relative few studies proved that there was no 
correlation between VEGF-C-expression and lymph 
node status [138, 149, 158]. Faustino SE et al. [138] 
justified their results by the fact that the majority of the 
studies did not investigate the occult lymph-node 
metastasis from OSCC, and most of them analyzed 

tumors at both early and advanced clinical stages (from 
I to IV). 

Regarding VEGFRs, Moriyama M et al. [143] and 
Kyzas PA et al. [141] established that both VEGFR-1 
and VEGFR-2 did not correlate with lymph-node status, 
while VEGFR-3 correlated significantly with lymph-
node metastasis [143]. 

The majority of studies regarding the relationship 
between VEGF and survival in OSCCs have showed 
that VEGF correlates with the overall and disease- 
free survival, indicating that high VEGF-expression 
correlates with worse survival periods [113–115, 117, 
149–151, 164, 168, 171]. Only two studies did not show 
any correlation between VEGF-expression and survival 
in OSCC [97, 106]. In addition, VEGF-positive tumors 
have shown correlations with tumor recurrence [116, 
122], although other authors have found only a border-
line significance [171]. 

Kyzas PA et al. [149], Miyahara M et al. [158] and 
Sugiura T et al. [144] showed that VEGF-C-expression 
correlated with the overall and disease-free survival in 
OSCCs, the mean survival times being significantly 
reduced in patients with up-regulated VEGF-C-expre-
ssion. On the contrary, Sedivy R et al. [134] and 
Faustino SE et al. [138] noticed that VEGF-C-expre-
ssion by malignant cells was not a significant prognostic 
factor for patients with OSCC. 

Kyzas PA et al. [116] noticed that VEGF-expre-
ssion, VEGFR-2-overexpression and VEGF/VEGFR-2 
co-overexpression were correlated with worse survival 
times in the group of patients with oral and larynx 
squamous cell carcinomas, but no association was 
observed between VEGFR-1-expression and the overall 
survival periods. Moreover, the authors could not esta-
blish any correlation between VEGFR-2 and VEGFR-1-
expression and recurrence in head and neck tumors. 
Tanigaki Y et al. [136] reported that in OSCCs there 
was no significant correlation between the survival 
periods and the expression of VEGF-A, VEGFR-1, or 
VEGFR-3. 

 Therapeutic implication of VEGF and its 
receptors in OSCCs 

The major therapeutical strategies in head and neck 
squamous cell carcinomas revolve around the radical 
surgery, despite its economic, physiological, and 
psychosocial impacts [172, 173]. These difficulties 
together with high tumor recurrences have guided the 
research treatment strategies towards the discovery of 
adjuvant therapies to suppress progression of pre-
malignant disease and/or to inhibit head and neck 
squamous cell carcinoma recurrence or development of 
second primary tumors [174]. 

One of the leading targets for such tumor-directed 
therapies is VEGF and its receptors. Therefore, there 
were developed monoclonal antibodies that bind VEGF 
or the VEGFRs and small-molecule inhibitors of VEGR. 
Bevacizumab was one of the first recombinant huma-
nized monoclonal antibody against VEGF that has been 
studied extensively in many human cancers, including 
in head and neck squamous cell carcinomas [175–178]. 
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The literature data showed that combined targeting 
of the VEGF and EGFR pathways is more effective  
than targeting individually either pathway alone.  
EGFR induces angiogenesis via VEGF-expression, and 
EGFR-inhibition can lead to decreased VEGF-secretion 
and tumor microvessel production in vivo [179].  
There are clinical trials in different phases which 
resulted in encouraging responses for this combined 
therapy [180–184]. 

A fundamental approach to inhibit angiogenesis 
during tumorigenesis is the disruption of VEGF/ 
VEGFR-2 pathways [185]. This could suppress  
tumors’ growth by limiting their blood supply;  
by changing their morphology, the vascular wall 
structure, and rendering VEGF and VEGFR-2-
expression in tumor vasculature to a more normal 
pattern [186], and thus improving drug penetration  
in tumors, and also by blocking VEGF autocrine 
pathway and thus reducing uncontrolled neoplastic  
cell proliferation. 

Currently, many VEGFR-2 inhibitors are under-
going preclinical and clinical evaluation. Yazici YD  
et al. [187] showed for the first time that PTK787 
(which inhibits the VEGF-R tyrosine kinases and 
specifically targets the VEGFR-2-receptor) decreased 
tumoral growth and tumor vascularization of squamous 
cell carcinoma of the oral tongue tumors growing 
orthotopically in nude mice. The most studied agent is 
SU5416 (semaxanib), which also presents inhibitory 
activity towards VEGFR-1 [188]. Other tested with 
successful results were ZD6474 that is a potent 
VEGFR-2 tyrosine kinase inhibitor, and which also has 
activity on EGFR tyrosine kinase [189]. Cediranib 
(Recentin, AstraZeneca), an oral, highly potent, and 
selective VEGF-signaling inhibitor of all three 
VEGFRs, has been tested in recurrent and metastatic 
squamous cell carcinomas of the head and neck  
setting as a monotherapy in a single-arm phase 2 trial 
(NCT00458978), with the overall response rate as the 
primary endpoint [176]. 

The lymphatic system is more important than  
the vascular system in metastasis of oral squamous cell 
carcinoma [190–192]. As we previously discussed,  
the VEGF-C/VEGFR-3-signaling system is a key 
regulator for tumor lymphangiogenesis. Therefore, 
preclinical studies are underway to determine whether 
inhibition of VEGFR-3-activation might be an effective 
therapeutic strategy for the suppression of tumor  
growth and regional metastasis, and several methods of 
VEGF-C pathway inhibition are currently being evalua-
ted. Fukumoto S et al. [193] proved that endostatin 
inhibited tumor growth by an anti-angiogenic action, 
and also inhibited lymph node metastasis by down-
regulating of VEGF-C-expression in tumor cells of 
OSCCs. Elser C et al. [194] and Choong NW et al. 
[195] tested successfully tyrosine kinase inhibitors  
such as sorafenib and respective sunitinib on phase II 
trials in patients with recurrent or metastatic squamous 
cell carcinoma of the head and neck; they act by 
blocking the enzymatic activity of both VEGFR-2 and 
VEGFR-3, and inhibiting both angiogenesis and lymph-
angiogenesis in these tumors.  

 Conclusions 

VEGF status has the potential to emerge as an 
important factor in the diagnosis, prognosis and 
treatment of OSCCs. 

Recent studies ascertained the participation in 
tumorigenesis, angiogenesis and metastasis in OSCC of 
VEGF/VEGFR-2 and VEGF-C/VEGFR-3 autocrine 
loops. In addition, it has been proved that both 
processes could be influenced by a paracrine growth 
system in which VEGF is produced not only by tumor 
cells but also by stromal cells like fibroblasts, 
macrophages, and even ECs. Therefore, the interactions 
of the various VEGF/VEGFR systems in the tumor 
microenvironment are clearly complex, and further 
investigations are still needed for a complete 
understanding of their functions.  

This will be a most necessary step, as the newly 
developed anti-angiogenic and anti-tumoral treatments 
are currently targeting the inhibition of both VEGF and 
VEGFRs. 
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