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Abstract. Angiogenesis is crucial for the growth and metas-
tasis of malignant tumours, and various proangiogenic factors
promote this process. One of these factors is vascular endo-
thelial growth factor (VEGF), which appears to play a key
role in tumour angiogenesis. The aim of the present study
was to assess whether VEGF expression is associated with
angiogenesis, disease progression and neoplastic proliferation
in canine oral squamous cell carcinoma (OSCC) tissue. VEGF
immunoreactivity was quantified by immunohistochemistry
in 30 specimens, including normal oral mucosa and OSCC
tissues graded as well, moderately or poorly differentiated.
VEGEF expression was correlated with tumour cell prolifera-
tion, as assessed using the proliferating cell nuclear antigen
(PCNA) marker and microvessel density (data already
published). The present results revealed that VEGF and PCNA
expression increased significantly between normal oral tissue
and neoplastic tissue, and between well and moderately/poorly
differentiated tumours. In addition, VEGF expression was
strongly correlated with PCNA expression and microvessel
density. It was concluded that VEGF may promote angiogen-
esis through a paracrine pathway, stimulating endothelial cell
proliferation and, similarly, may induce tumour cell prolifera-
tion through an autocrine pathway. The present results suggest
that the evaluation of VEGF may be a useful additional crite-
rion for estimating malignancy and growth potential in canine
OSCCs.

Introduction

Oral carcinogenesis is considered to be a sequential and
multi-step process that is mediated by the deregulation of
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crucial molecular pathways, among which angiogenesis
has long been considered one of the most important mecha-
nisms involved in the biology of cancer (1,2). Numerous
tumours promote growth and dispersion to form metastases
by recruiting host blood vessels to grow into the vicinity of
the tumour (3-5). Angiogenic switch is determined by the net
balance of natural inhibitors and angiogenic stimulators, out of
which vascular endothelial growth factor (VEGF), also termed
VEGF-A, is considered to be the major stimulator responsible
for tumour angiogenesis (6,7). Although extensive data are
available on the role of VEGF and VEGF receptors in the
biology and development of a variety of human and animal
invasive malignant tumours (8-14), little information exists
concerning oral canine tumours (15).

The present study hypothesises, however, that an improved
understanding of the underlying mechanism of oral cancer
pathogenesis in dogs may be essential to improve the diagnosis
of canine oral cancer. This may also aid the understanding of
the biological behaviour of tumours and the selection of the
treatment of patients (16).

These considerations prompted the investigation of VEGF
expression using immunohistochemistry in a series of various
pathological lesions of oral canine mucosa, raging between
normal epithelium and squamous cell carcinoma, with various
grades of differentiation. VEGF expression was also associated
with tumour cell proliferation, as assessed using the prolifer-
ating cell nuclear antigen (PCNA) marker, and microvessel
density (MVD).

Materials and methods

Tissue samples. In total, 30 canine oral tissue specimens
were examined, which consisted of 6 normal oral mucosa
and 24 oral squamous cell carcinoma (OSCC) tissues from
7 Manchester terriers, 8 English setters, 8 huskies and 7 mixed
breed dogs. Samples were obtained following surgery from
the Department of Veterinary Medicine and Animal Produc-
tion, University of Naples. The specimens were fixed in 10%
neutral buffered formalin, embedded in paraffin wax, stained
with haematoxylin and eosin (Carlo Erba Reagents SAS,
Val de Reuil, France) and classified using the World Health
Organization criteria (17). The OSCC tissues were graded
by two independent observers, according to the criteria
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proposed by Pindborg (18), as well-differentiated (grade
1; 7 out of 24 tissues), moderately differentiated (grade 2;
9 out of 24 tissues) or poorly differentiated (grade 3; 8 out of
24 tissues). The samples did not include SCC of the tonsil,
as this lesion is usually considered separately from other
OSCCs, due to the differences in its geographical distribu-
tion and biological behaviour (19,20).

Out of the 24 OSCC tissues considered in the present study,
8 lesions were analysed in a previous study (8), in which the
microvessel density, indicated by the number of microvessels
per mm? of neoplastic tissue, was calculated (8).

Immunohistochemistry. The procedure used for immunohis-
tochemical analysis was the streptavidin-biotin peroxidase
method (LSAB kit; Dako, Glostrup, Denmark), which was
the same method used in previous studies (12,21-23). Briefly,
histological sections (5 gm) were dewaxed in xylene, dehy-
drated in graded concentrations of ethanol and washed in
0.01 M phosphate-buffered saline (PBS; pH 7.2+7.4). Endog-
enous peroxidase activity was blocked using 0.3% hydrogen
peroxide (Carlo Erba Reagents SAS) in absolute methanol
for 30 min. Prior to incubation with primary antibodies, the
tissue sections were heated in a microwave oven for 3 cycles
of 5 min (500-750 W) each in EDTA buffer (pH 6.0; Sigma-
Aldrich, Irvine, UK). The sections were then incubated
overnight at 4°C with a monoclonal mouse anti-vascular
endothelial growth factor (diluted 1:100 PBS; clone, JH121;
cat no. MS350PO; Neo Markers, Fremont, CA, USA) (24) and
a monoclonal mouse anti-proliferating cell nuclear antigen
(diluted 1:500 PBS; clone, PC10; cat no. M0879; Dako), which
was used to identify proliferating cells. The immunolabelling
procedure included negative control sections incubated with
PBS instead of the primary antibody. A mixture of biotinyl-
ated anti-mouse, anti-rabbit and anti-goat immunoglobulins
(LSAB kit; cat no. K0675, Dako), diluted in PBS, was used
as secondary antibody and was applied for 30 min. To reveal
the immunolabelling, 3,3'-diaminobenzidine tetrahydrochlo-
ride was used as a chromogen and haematoxylin was used as
a counterstain.

Scoring of immunoreactivity. The immunoreactivity for
VEGF and PCNA was evaluated by two observers that
selected 20 maximally immunostained regions for each case
at a magnification of x400 (x40 objective; x10 ocular). The
number of cells expressing VEGF and PCNA were counted
individually. At least 1,000 cells were counted to obtain the
percentage of positive cells. Epithelial cells exhibiting distinct
cytoplasmic staining for VEGF and a distinct brown nuclear
reaction to PCNA labelling were considered to express VEGF
and PCNA, respectively, and were classified based on the
intensity of staining into weak and strong immunoreactivity
groups.

Statistical analysis. The percentage of cells expressing VEGF
and PCNA in each group (OSCC grades 1-3) was expressed
as the mean =+ standard deviation. Statistical analysis was
performed using analysis of variance. The correlation between
the VEGF and PCNA values was assessed using a linear
correlation test. P<0.01 was used to represent a statistically
significant different.
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Figure 1. Comparison between the percentage of cells immunolabelled with
VEGF and PCNA in samples of canine OSCCs with varying degrees of
malignancy (grades 1-3). VEGF, vascular endothelial growth factor; PCNA,
proliferating cell nuclear antigen; OSCC, oral squamous cell carcinoma.

Results

Immunohistochemistry. Results of the immunohistochemical
analysis are reported in Table I and Fig. 1.

VEGF expression. VEGF immunopositivity was detected in
almost all normal epithelial cells as pale, cytoplasmic staining,
which was predominantly detected in the basal layer. Weak
VEGF staining was also observed in endothelial cells. In the
majority of tumour cells, VEGF expression was indicated by
a cytoplasmic staining pattern that ranged between extremely
weak and strong, with cytoplasmic granules of variable size and
amount. In the majority of grade 1 OSCC tissues (5/7 tissues),
VEGF was weakly expressed by epithelial cells, which
demonstrated small cytoplasmic granules that were frequently
restricted beneath the cytoplasmic membrane (Fig. 2A). In all
grade 2 (9/9) and 3 (8/8) OSCC tissues, a heterogeneous pattern
of VEGEF staining that ranged between moderate and strong in
intensity was observed (Fig. 2B). Strong staining was particu-
larly observed in less differentiated regions (Fig. 2C). VEGF
granules were large and frequently polarized in grade 2 OSCC
tissues and diffuse in the cytoplasm in grade 3 OSCC tissues.

The number of labelled cells increased progressively
between grade 1 (11.8+8.86) and grade 2 (29.28+20.65) OSCC
tissues, and an additional increase was observed between
grade 2 and grade 3 (101.63+£71.96) tissues. A significant
difference was identified between the number of cells labelled
for VEGF expression and the degree of differentiation in
OSSC lesions (P=0.0008).

PCNA expression. PCNA-immunolabelled nuclei were clearly
identifiable in normal oral epithelium tissues, as well as in
OSCC tissues. In the normal epithelium, weak immunostaining
was predominantly observed in the basal layer of the tissue
and moderate staining was observed in the parabasal layers,
2-3 layers from the basal layer. In grade 1 and 2 OSCC tissues,
moderate nuclear staining was more frequently detected in the
peripheral region of the tumour islands and was almost absent
in the central keratinized region (Fig. 3A). Grade 3 OSCCs
demonstrated strong nuclear immunostaining with a diffuse
pattern of staining (Fig. 3B). The number of cells expressing
PCNA increased progressively between grade 1 (35+2.23)
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Table I. Correlation between the number of cells expressing VEGF and PCNA and the differentiation grades of tumours in canine

OSCC tissues.

OSCC grade
Protein expressed 1 2 3 P-value
VEGF 11.80+8.86 29.28+20.65 101.63+71.96 0.0008
PCNA 35.00+2.23 43.00+5.98 76.60+10.30 0.0010

Data are expressed as the mean number of cells = standard deviation. "P<0.01. VEGF, vascular endothelial growth factor; PCNA, proliferating

cell nuclear antigen; OSCC, oral squamous cell carcinoma.

Figure 2. (A) Well-differentiated (grade 1) OSCC tissue demonstrating weak
expression of the VEGF protein in few neoplastic cells. The immunolabel-
ling is often restricted often beneath the cytoplasmic membrane (arrow;
stain, streptavidin-biotin peroxidase; magnification, x20). (B) Moderately
differentiated (grade) OSCC tissue demonstratign moderate expression of
the VEGF protein in numerous neoplastic cells. The VEGF expression was
localized in almost all the cytoplasm, and was occasionally polarized (stain,
streptavidin-biotin peroxidase; magnification, x20). (C) Poorly differentiated
(grade 3) OSCC tissue demonstrating strong expression of the VEGF protein
in almost all neoplastic cells, with diffuse large granules in the cytoplasm
(stain, streptavidin-biotin peroxidase; magnification, x20; insert magnifica-
tion, x40). VEGF, vascular endothelial growth factor; OSCC, oral squamous
cell carcinoma.

Figure 3. (A) Moderately differentiated (grade 2) OSCC tissue demonstrating
moderate intensity nuclear staining for PCNA, detected in the peripheral
region of the tumour islands. (stain, streptavidin-biotin peroxidase; magnifi-
cation, x20). (B) Poorly differentiated (grade 3) OSCC tissue demonstrating
strong expression of the PCNA protein by almost all neoplastic cells (stain,
streptavidin-biotin peroxidase; magnification, x40). VEGF, vascular endo-
thelial growth factor; PCNA, proliferating cell nuclear antigen.

and 2 (43+5.98) OSCC tissues and grade 3 OSCC tissues
(76.6+10.30). A significant difference was identified between
the number of cells labelled for PCNA expression and the
degree of differentiation of the tumours (P=0.001).

Correlation between the expression of VEGF and PCNA and
MYVD. The expression of VEGF and PCNA strongly correlated
with the degree of differentiation of OSCC lesions (r=0.999). In
addition, in 8/24 OSCCs, the MVD (8) strongly correlated with
the expression of VEGF (r=0.993) and PCNA (r=0.993).

Discussion

Squamous cell carcinoma of the oral cavity (OSCC) is the
second most common malignant neoplasm of the oral cavity
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in dogs, following melanoma, as it accounts for 17-25% of
canine oral tumours (19). Despite the relatively low metastatic
rate (20%), OSCC grows rapidly and typically invades nearby
bone and tissue, in addition to possessing an extremely high
frequency of local recurrence (18,25). In order to improve the
understanding of the pathogenesis of this tumour, the present
study examined the immunohistochemical expression of
VEGF in canine OSCCs and the association of VEGF expres-
sion with neoplastic proliferation and microvessel density.

VEGEF is a multifunctional cytokine that is produced by
neoplastic cells, macrophages, plasma cells and lympho-
cytes (26,27). This cytokine acts on endothelial cells as a highly
specific mitogen, binding to specific class III receptor tyrosine
kinases,termed VEGFR-1 (Flt-1) and VEGFR-2 (Flk-1) (28,29).
The activation of VEGFR-1 promotes endothelial cell migra-
tion, but does not induce cell proliferation (30-32). However,
VEGFR-2 is the major mediator of endothelial cell prolifera-
tion and survival, and it is also essential for the differentiation
of endothelial cells and the induction of microvessel perme-
ability (11,33).

Previous studies investigating the role of VEGF in human
oral cancer progression are contradictory. Numerous human
cancers have demonstrated increased VEGF expression
compared with normal tissue (29,34-36). By contrast, certain
studies have reported opposite results, demonstrating that
VEGF expression levels were increased in the corresponding
normal mucosa epithelium and early stage of premalignant
lesions compared with later stages of cancerogenesis (37,38).
These previous studies hypothesized that VEGF may perform
a physiological role in oral mucosa epithelium, or that the
protein may play an important role only in the early stage of
oral tumorigenesis, while other genetic factors are involved
in the later stages. These discrepancies were considered, and
it was suggested that they may be due to the use of different
antibodies or quantification methods (39).

In the present study, a significant increase in VEGF expres-
sion was identified during the transition between normal
and OSCC tissues, in association with an increasing grade
of differentiation. This was indicated by a high number of
VEGF-positive cells associated with the accumulation and
consequent loss of cytoplasmic polarization of VEGF granules
in less differentiated tumours. These results are in agreement
with those of Sobczyfiska-Rak er al (15), who studied the level
of VEGF in the serum of dogs with OSCC by ELISA, and
identified an elevated presence of VEGF in the blood serum
of all examined malignant tumours compared with the benign
tumours and control tissues, confirming a significant role of
VEGEF in the disease progression of canine oral tumours.
Upregulation of VEGF, which is particularly found in moder-
ately or poorly differentiated tumours, may be induced mainly
by HIF-1a under the hypoxic conditions present in the necrotic
compartments of tumours (40). By contrast, in numerous types
of tumours, elevated levels of VEGF production may often be
detected in tumour cells located at the extreme periphery of
the tumour where there is no hypoxia (12,41,42). Therefore,
hypoxia-independent production of VEGF by neoplastic
cells may be associated with the activation of oncogenes
encoding VEGF, such as the oncogenes that are components
of the ras/mitogen-activated protein kinase signal transduc-
tion pathway, the inactivation of tumour suppressors, including
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p53, and exogenous factors, such as hormones and growth
factors (30.,43).

In addition, in the present study, VEGF expression was
found to be significantly correlated with PCNA expression.
Tumour growth is associated with the actions of proliferative
proteins such as proliferating cell nuclear antigen (PCNA),
a non-histamine nuclear protein that is considered a specific
marker of cell division (9,44). The expression of PCNA has
been found to be correlated with the degree of malignancy
and progression of cancer (45). The strong correlation between
PCNA and VEGEF detected in the present study indicates
that VEGF, which is secreted by neoplastic cells, may induce
self-proliferation in an autocrine manner, contributing to
neoplastic growth, and induce endothelial cell proliferation
and tumour angiogenesis through a paracrine mechanism.
Therefore, malignant neoplastic cells may act simultaneously
as VEGF producers and VEGF target cells, as demonstrated in
previous studies (46,47).

Additionally, in the present study, tumour cell proliferation
was strongly correlated with microvessel density, demon-
strating that increased vascularity occurs to support actively
proliferating and transforming oral epithelial cells, in order
to permit tumour growth. This finding is in agreement with
numerous studies, which have already established that tumour
cell proliferation decreases with the increasing distance
between the tumour and blood vessels, confirming that tumour
growth is strongly dependent on angiogenesis (9,38,48).

Overall, the present results revealed that VEGF levels are
elevated in canine OSCC compared with control specimens.
Increased expression of this angiogenic factor in less differ-
entiated tumours may determine an increase in neoplastic
and blood vessel proliferation, as determined by the strong
correlation that was identified between VEGF expression,
cell proliferation and microvessel density. This is potentially
of significance since neoangiogenesis is necessary for the
nutrition of the neoplastic cells that demonstrated an increased
proliferative rate, and neoangiogenesis also enhances the
ability of tumour cells to migrate, and therefore the potential
of the cells to metastasize (2,32). As a result, an increase in
VEGEF synthesis is associated with increased endothelial and
neoplastic cell proliferation, and the risk of tumour growth and
metastasis is increased. To confirm this hypothesis, additional
studies are required to fully elucidate the role of VEGF and
VEGF receptors in tumour-associated angiogenesis and to
determine whether receptors and ligands were each expressed
in the same cells, indicating an autocrine mechanism, or the
receptor was expressed in one compartment and the ligand
in one of the other compartments, indicating a paracrine
loop (49).

In conclusion, VEGF evaluation may provide additional
criteria for assessing the intrinsic malignancy and growth
potential of canine oral tumours, and may have a potential
application as an indicator of prognosis. In addition, under-
standing the biology of the VEGF ligand and receptor may
facilitate the development of therapeutic strategies to promote
revascularization of ischemic tissue or to inhibit angiogenesis
in neoplastic pathologies (50). Observations in vivo suggest
that the inhibition of VEGF-induced angiogenesis results in
suppression of tumour growth in animal studies (51) and a
reduction in tumour size and metastasis in vivo (52).
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