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Expression of vascular endothelial growth factor
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Abstract (J Korean Assoc Oral Maxillofac Surg 2015;41:11-18)

Objectives: The goal of this study was to determine the correlation of clinicopathological factors and the up-regulation of vascular endothelial growth
factor (VEGF) expression in oral squamous cell carcinoma.

Materials and Methods: Immunohistochemical staining of VEGF and quantitative real-time polymerase chain reaction (RT-PCR) of VEGF mRNA
were performed in 20 specimens from 20 patients with oral squamous cell carcinoma and another 20 specimens from 20 patients with carcinoma in
situ as a controlled group.

Results: The results were as follows: 1) In immunohistochemical study of poorly differentiated and invasive oral squamous cell carcinoma, high-level
staining of VEGF was observed. Significant correlation was observed between immunohistochemical VEGF expression and histologic differentia-
tion, tumor size of specimens (Pearson correlation analysis, significance 1>0.6, P<0.05). 2) In VEGF quantitative RT-PCR analysis, progressive cancer
showed more VEGF expression than carcinoma in situ. Paired-samples analysis determined the difference of VEGF mRNA expression level between
cancer tissue and carcinoma in situ tissue, between T1 and T2-4 (Student’s t-test, P<0.05).

Conclusion: These findings suggest that up-regulation of VEGF may play a role in the angiogenesis and progression of oral squamous cell carcinoma.
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l. Introduction

Angiogenesis is observed in inflammatory reactions,
wound healing, and immune reactions. Within tumors, new
blood vessel growth is essential for progression and metas-
tasis'. The term angiogenesis was first used in 1971 by Folk-
man, and researchers have advised that tumors can grow by
forming new blood vessels from the existing blood vascular
system, and that angiogenesis is closely related to not only
tumors, but also various other diseases such as proliferative
retinopathies, age-related macular degeneration, and rheuma-
toid arthritis™. In the case of mammals, oxygen and nutrient
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supply are indispensable for survival; since diffusion-con-
trolled oxygen supply to cells cannot function when cells are
located farther than 100 to 200 pm from blood vessels, tumor
cells cannot grow more than several cm or metastasize to oth-
er organs without angiogenesis*’. This angiogenetic process
is activated by factors produced by tumors to form new blood
vessels through basal membrane decomposition by the prote-
ase secreted by tumor cells and to support the movement and
proliferation of vascular endothelial cells’.

Approximately 20 different factors that induce the angiogen-
esis process are known, such as basic fibroblastic growth fac-
tor, placenta growth factor (PIGF-1), epidermal growth factor,
platelet-derived growth factor (PDGF), and vascular endothe-
lial growth factor (VEGF)"*. The most important angiogenic
factor is VEGF, which was first identified by Ferrara and Hen-
zel’ in a bovine pituitary gland follicle cell culture medium.

VEDF is a 46 kDa heparin-binding homodimeric glyco-
protein. To date, in addition to VEGF-A, PIGF-1, VEGF-
B, VEGF-C, and VEGF-D are known'*"’. These VEGFs
respectively bind to VEGF receptor-1 (VEGF-1 or Flt-1) and
VEGF receptor-2 (VEGF-2 or KDR/FIk-1) to promote en-
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dothelial cell differentiation and proliferation. Many studies
have demonstrated increases in the expression of VEGFs in
the processes of carcinoma progression and proliferation'"®
Oral cancers show lower than 50% long-term survival
rates because of their high metastasis and recurrence rates,
and their prognoses have not greatly improved, despite the
development of various treatment methods, due to their high
probability of local recurrence and metastasis'’. In addition,
although the treatment plans and prognoses of patients clini-
cally diagnosed with oral squamous cell carcinoma mainly
follow the TNM classification, treatment results do not coin-
cide with these criteria in many cases. Accordingly, studies
are needed to identify markers that will enable a more accu-
rate patient prognosis based on the molecular biological char-
acteristics of carcinomas. They are also elements that affect
the occurrence, progression, and metastasis of carcinomas.
Therefore, the present study was conducted to examine
the expression profiles of VEGFs involved in angiogenesis,
which is important for carcinoma progression according to
the histological characteristics of oral squamous cell carci-

noma, and to find a correlation between patient clinical in-

formation and differences in VEGF expression according to
TNM classification. In addition, for an indirect comparison of
the relationship between carcinoma progression and VEGF
expression, differences in the expression of oral squamous

cell carcinoma and intraepithelial carcinoma were examined.

Il. Materials and Methods

1. Study materials

For study materials, we used 20 tissue slices excised after
surgery from 20 patients diagnosed with oral squamous cell
carcinoma in the Department of Oral and Maxillofacial Sur-
gery, College of Dentistry, Dankook University, and 20 tissue
slices excised from 20 patients diagnosed with intraepithelial
carcinoma. The specimens were divided into three groups of
well, moderate, and poor histological differentiation. Tumor
size classification based on TNM staging was performed, and
the specimens were divided into four groups, T1 to T4.(Table
1y

The excised tissues were fixed for eight to 12 hours using

Table 1. Correlation between immunohistochemical VEGF expression and clinical and pathological factors

VEGEF staining pattern
Variable Cases r P-value
Low-staining High-staining
Sex —-0.186 0.095
Male 11 5 6
Female 9 4 5
Age (yr) 0.098 0.493
<60 5 2 3
>60 15 7 8
Histological differentiation 0.584' 0.014'
Well 13 7 6
Moderate 3 1 2
Poor 4 1 3
Tumor stage 0.510' 0.046'
Tl 0 0 0
T2 11 8 3
T3 0 7
T4 2 1 1
Nodal status 0.456 0.193
N(-) 11 7 4
N(+) 9 2 7
Metastasis 0.239 0.108
M(-) 17 8 9
M(+) 3 1 2
TNM stage 0.469 0.091
I 0 0 0
I 8 5 3
111 6 2 4
v 6 2 4

(VEGEF: vascular endothelial growth factor)
'Pearson correlation analysis, significance r>0.6, P<0.05.
Values are presented as number.
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10% neutral-buffered formalin and then made into paraffin
blocks in the usual method.

2. Study methods

1) Immunohistochemical staining of VEGF

The excised tissues were fixed and made into 4 um paraf-
fin slices on poly-L-lysine-treated slides. After removing the
paraffin using the usual method, the tissues were treated with
0.01 M citrate buffer (pH 6.0) for 15 minutes in a pressure
cooker to retrieve the antigens, treated with hydrogen perox-
ide/methanol for 15 minutes, and then treated with normal
goat serum for 20 minutes to prevent nonspecific binding
with endogenous peroxidase. A polyclonal antibody (Abcam,
Cambridge, MA, USA) against VEGF was diluted 1 : 25
and applied to the tissues, which were then incubated for at
least eight hours at 4°C. Thereafter, the tissues were washed
three times with phosphate-buffered saline (PBS, pH 7.0),
incubated for 20 minutes in a primary antibody enhancer in
a Lab Vision kit (Thermo Scientific, Waltham, MA, USA),
washed three times with PBS, and incubated with polymers
for 40 minutes at room temperature. Then, the tissues were
again washed three times using PBS, color-developed using
diaminobenzidine, control-stained using hematoxylin, and
observed using an optical microscope. When the staining was
determined by a pathologist to be weak or negative, it was
classified as low-level staining, and when the staining was

even and strong, it was classified as high-level.

2) VEGF quantitative real-time polymerase chain reaction
(qQRT-PCR)

(1) Total RNA extraction

Three 15-um slices from a paraffin block were placed into
a xylene solution three times for five minutes each to remove
paraffin and were then washed three times in 100% ethanol
for five minutes each to remove xylene. Thereafter, the tis-
sues were immersed in a graded ethanol solution prepared
using diethyl pyrocarbonate (DEPC)-treated distilled water.
Then, the tissues were briefly stained for 10 seconds using
hematoxylin and washed with DEPC-treated distilled water.
Thereafter, tumor tissues were placed into an Eppendorf tube
for extraction of total RNA using a High Pure RNA Paraffin
kit (Roche, Penzburg, Germany). The quantity and quality of
the extracted RNA were measured using a NanoDrop spec-
trophotometer (Thermo Scientific).

(2) cDNA synthesis

Using 1 to 2 ug of total RNA as a template, cDNA was
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synthesized using a Maxime RT PreMix kit and random
primers (iNtRON Biotechnology, Seongnam, Korea). That is,
20 UL of reactant was reacted for 60 minutes at 45°, and the
reverse transcriptase was inactivated for five minutes at 95°.

(3) PCR

A PCR primer and probe were designed using Primer
Express (PE Applied Biosystems, Foster City, CA, USA)
software. The primer and probe sequences are shown below.
An AccuPower DualStar PCR PreMix kit (Bioneer, Daejeon,
Korea) was used for 20 uL reactions. The 20 uL of synthe-
sized cDNA reactant was diluted in 80 uLL of DEPC-treated
distilled water, and 3 pL of the solution was used as a PCR
template. The reaction medium composition was as follows:
PCR forward primer, 10 pmol, 1 pL; PCR reward primer, 10
pmol, 1 uL; Tagman probe, 10 pmol, 1 uL; Template, 3 uL;
DEPC-treated distilled water, 14 pL.

PCR was performed in an ExiCycler (Bioneer), and the
individual reaction conditions were as follows: treatment for
five minutes at 95°, followed by denaturation for 20 seconds
at 95° and 50 cycles of annealing/extension for 30 seconds at
60°. Thereafter, each specimen was prepared in triplicate and
analyzed.

The primers and probes of the housekeeping gene glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) and VEGF
gene were as follows:

VEGEF forward primer: 5'-GCACCCATGGCAGAAGG-3'

VEGEF reverse primer: 5-CTCGATTGGATGGCAGTAG

CT-3'

VEGF probe: 5'-FAM-ACGAAGTGGTGAAGTTCATGG

ATGTCTATC

AC-TMARA-3'

GAPDH forward primer: 5-GAAGGTGAAGGTCGGAG

TC-3'

GAPDH reverse primer: 5'-GAAGATGGTGATGGGATT

TC-3'

GAPDH probe: 5'-FAM-CAAGCTTCCCGTTCTCAGCC-

TAMRA-3'

The results of AC;=C(VEGF)-C(GAPDH), the relative
calculation of the housekeeping gene GAPDH and VEGF
expressions through analyses using a 96-channel optical unit,

AC .. .
"and is indicated as such.

was converted into 2~
3) Statistical analysis
Pearson’s correlation analysis was used to examine the re-
lationship between VEGF expression based on the results of
immunohistochemical staining and the clinical and histologi-

cal profiles of the carcinoma, and the significance level was
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set to a matching coefficient r>0.5 at P<0.05.

In addition, Student’s t-test was used to examine the re-
lationship between relative value of VEGF mRNA (VEGF/
GAPDH) and difference in expression between carcinoma
clinical profile and intraepithelial carcinoma tissues, and the

significance level was set to P<0.05.

lll. Results

1, Findings from immunohistochemical staining

In normal oral squamous epithelial tissues or intraepithelial

Fig. 1. Immunohistochemical staining of vascular endothelial
growth factor of oral carcinoma in situ (x200).
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Fig. 2. Immunohistochemical staining for vascular endothelial
growth factor (arrows) of moderate differentiated oral squamous
cell carcinoma (x200).
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carcinoma, little VEGF expression was observed.(Fig. 1)

On the other hand, increased VEGF expression was ob-
served in the cytoplasm of invasive tumor cells in moderately
differentiated oral squamous cell carcinoma, remarkably
increased VEGF expression was observed in marginally dif-
ferentiated oral squamous cell carcinoma compared to normal

tissues and intraepithelial carcinoma tumor cells.(Fig. 2, 3)

2. Clinical and histological relationships between
VEGF expression and carcinoma according to
immunohistochemical staining

Nine of 20 cases (45%) of VEGF staining were low-level,
and the remaining 11 cases (55%) were high-level. The cor-
relation between the profile of histological differentiation of
carcinoma and VEGF expression was significant, as was the
correlation between item classification according to tumor
size of TNM classification and differences in VEGF expres-
sion. No correlation between any other factor and differences
in VEGF expression was statistically significant.(Table 1)

3. qRT-PCR of VEGF

Although the relative VEGF mRNA expression (average
0.79) was weak in the intraepithelial carcinoma tissues used
in the experiment, stronger relative VEGF mRNA expression
(average 2.26) was observed in all 20 oral squamous cell car-
cinoma tissues.(Fig. 4)

Lo o \v 5 - Ay of o |
™ 'i... @, . LA ] 3 A »
e T I IO -
" P . e
“L :&‘4_ o -
- %6 D a3 -..' o]
~ ~ §3 g
- -’— o.t\ Q.}’( \‘Q” - 0 o
S - . - - Rl
: d - Y > L e -
w SV > ™ 3 ’ . - & CT
—p - -l . & -
- y t " €= . i - T @& -
.y - 1 St R s g~ = g
<
Q w - N e "" S
?"'/ m E 4 “v. S :)
g r% » L R . s
g n. ) ATY 6 k ~'°\ = o
PPN .’e.e"u = o " 5% > o ;' i '|3 ,_'" | B
W P s a5 '&\ e
Qe g ¢ 2l b - D o s werly
% " d -, o -
‘l';”'l \ \‘b S § *"\ . » o
e (3" & e te e ¥ N v
AR o g™ 100’
SRV o o0 W N - & 0 pm.-
y W K s N, > dos B g

Fig. 3. Immunohistochemical staining for vascular endothelial
growth factor (arrows) of poor differentiated and invasive oral
squamous cell carcinoma (x200).
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Fig. 4. Quantitative real-time polymerase chain reaction of VEGF
mRNA (VEGF/GAPDHx100). (VEGF: vascular endothelial growth
factor, GAPDH: glyceraldehyde-3-phosphate dehydrogenase)
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Table 2. Relationship between relative level of VEGF mRNA
(VEGF/GAPDH) and clinical and pathological factors

Variable Cases VEGF mRNA' P-value
Sex 0.584
Male 11 2.57+0.12
Female 2.26x0.07
Stage 0.259
I-11 8 2.12+0.09
II-1v 12 2.68+0.13
Tumor status 0.048
T1 11 1.26+0.12
T2-4 9 2.98+0.11
Lymph nodes 0.247
NO 11 1.99+0.17
NI1-3 9 2.60+0.15
Metastasis 0.377
MO 17 1.89+0.10
M1 3 2.34+0.23
Tissue 0.0017
Oral squamous CA 20 2.26+0.17
Carcinoma in situ 20 0.79+0.18

(VEGEF: vascular endothelial growth factor, GAPDH: glyceraldehyde-
3-phosphate dehydrogenase)

'"VEGF mRNA expression derived from quantitative real-time
polymerase chain reaction.

Student’s t-test, P<0.05.

Values are presented as number or meanzstandard deviation.
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4. Relationship between relative VEGF mRNA level
(VEGF/GAPDH) and clinical and pathological
profiles of carcinomas

VEGF mRNA expression in the carcinoma was higher than
that in intraepithelial carcinoma tissue, and the difference was
statistically significant (Student’s t-test, P<0.05). In addition,
among tumor types classified according to size, T2 and larger

Expression of vascular endothelial growth factor in oral squamous cell carcinoma

tumors showed a significant increase in VEGF mRNA ex-
pression compared to that in T1. On the other hand, none of
the correlations between clinical factors such as gender, age,
nodal or remote metastasis, or TNM stage and VEGF expres-

sion were significant.(Table 2)

IV. Discussion

Angiogenesis is an indispensable requisite for tumor growth,
infiltration, and metastasis'. Although early-stage tumors are
avascular, the cells in tumors 1 to 2 mm or larger or infil-
trated fibroblasts around tumor cells secrete substances that
stimulate angiogenesis to proliferate new micro-vessels. The
proliferated micro-vessels supply nutrients to tumor cells, and
vascular endothelial cells secrete growth factors such as basic
fibroblast growth factor (bFGF), insulin-like growth factor-2,
and PDGEF to help tumor growth. In addition, these factors
produce breakdown enzymes such as urokinase, collagenase,
and plasminogen activator that contribute to infiltration into
surrounding tissues*'"*".

Many factors are involved in angiogenesis. VEGF is se-
creted by diverse cells and has specificity to vascular endo-
thelial cells. VEGF receptors such as VEGF-1 and VEGF-
2 are known to play a role in this specificity. These factors
are located in the cell membranes of endothelial cells and are
activated after binding to other factors in the extracellular
matrix. They are known to promote cell nucleus division and
contribute to angiogenesis through extracellular matrix dis-
solution and endothelial cell movement™,

The genes of human VEGFs are composed of eight exons
separated into seven introns and are located on chromosome
6p21.3. Four different isoforms, VEGF,,,, VEGF ¢s, VEGF 0,
and VEGF,, exist due to diverse exon splicing; of these,
VEGF 4 has been reported as the most functionally impor-
tant isoform™**. Ferrara and Davis-Smyth™ reported that fac-
tors that control the expression of VEGF genes include tissue
oxygen tension, growth factors, hormones, and oncogenes,
and that the expression increases when tissue pO, concentra-
tion is low due to the effects of growth control factors such as
TGF-a, TGF-f, and FGF or adrenal cortical hormones. That
is, the low oxygen states in the environment around a tumor
characterized by fat growth produce reversible increases in
VEGF mRNA transcription, leading to increases in expres-
sion within the tumor. As tumor sizes increases, the distances
between the nearest blood vessels increase, causing cells
in expanding tumors to experience oxygen deficiency and

producing low-oxygen areas within the tumor. In response
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to this, tumor cells produce endothelial growth factors.
Through this mechanism, VEGF expression increases within
tumors, in particular, in low-oxygen areas in necrotic regions.
Therefore, VEGF overexpression due to low oxygen can be
thought of as a compensatory mechanism that enables tumor
tissues to increase oxygen through vascular proliferation™.
Many studies have reported that VEGF expression increas-
es with micro-blood vessel density in diverse tumors such
as colon cancer, ovarian cancer, hepatocellular carcinoma,
gastrointestinal malignancy, renal cancer, breast cancer, and
head and neck cancer, and that tumor cells express VEGF
mRNA and secrete VEGF-like proteins™ ™. In addition, study
results indicate that tumors with rich VEGFs recur in much
shorter periods of time after operation than do those with in-
sufficient VEGFs, supporting the fact that VEGFs contribute
to tumor occurrence and angiogenesis and affect prognosis.
For the same reason, studies have reported that, in many
tumors, increases in expression of VEGF receptor appear in
proportion to increases in expression of vascular endothelial

cell growth factor’”

. In a study of the correlation between
diverse clinicopathological profiles and VEGF expression in
breast cancer, Maeda et al.” stated that prognosis worsened
as the expression increased. Smith et al.” reported that VEGF
overexpression was the most influential factor on poor prog-
nosis of oral squamous cell carcinoma. As such, studies con-
ducted to examine the relationship between VEGF expression
and carcinoma prognosis have noted that the relationship may
be an ancillary measure for determining carcinoma prognosis
with limitations that had been following existing histological
classification or clinical TNM classification.

According to the present results of VEGF immunohisto-
chemical tests, very little expression of VEGF was observed
in normal oral squamous cell tissues. This is consistent with
the results of other studies indicating that, when VEGF is
normal, its expression will be limited in endothelial cells™.
In addition, based on histopathological findings, little VEGF
expression was observed in well-differentiated and less-
invasive intraepithelial carcinoma tissues or highly differ-
entiated oral squamous cell carcinoma than in normal cells.
On the other hand, strong VEGF expression was observed
in less-differentiated invasive oral squamous cell carcinoma.
These results suggest that the degree of VEGF expression is
correlated with the degree of differentiation or invasiveness
of carcinoma; this was supported by the statistical analysis
conducted with VEGF expression levels based on the results
of immunohistochemical staining and clinical and histologi-

cal profiles of carcinomas. The correlation coefficient r of the
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Pearson correlation analysis, which was the statistical method
used to that end, can be interpreted as indicating a very high
correlation when its value is 0.5 or higher, moderate correla-
tion when its value is between 0.4 and 0.5, and very low cor-
relation when its value is lower than 0.4. Consequently, in the
present study, the correlation between the degree of histologi-
cal differentiation and VEGF expression was significant, as
was the correlation between classification according to tumor
size and VEGF expression.

In addition, VEGF qRT-PCR was conducted to quantify
relative VEGF gene expression; based on the analysis of the
relationship between relative level of VEGF mRNA (VEGF/
GAPDH) and the clinical and pathological profiles of the car-
cinoma, VEGF expression increased with tumor size, leading
to increased oxygen demand compared to cases with small
tumors (T1). In addition, compared to intraepithelial carci-
noma tissues in the early stage, the amount of VEGF expres-
sion increased in oral squamous cell carcinoma tissues with
progression of tumor cell invasion into connective tissues,
and the difference was shown to be statistically significant.
This result is similar to the results of immunohistochemi-
cal tests, suggesting that VEGF expression is activated with
tumor growth, and it can be assumed that increases in VEGF
expression are involved in the angiogenesis of tumors.

In conclusion, VEGF gene expression was more highly
increased in progressed oral squamous cell carcinoma than in
normal tissue cells or intraepithelial carcinoma, and the corre-
lation between VEGF expression and the degree of histologi-
cal differentiation of oral squamous cell carcinoma accord-
ing to tumor size was significant. These results lead to the
inference that VEGF expression in carcinomas is involved
in angiogenesis and progression and affects the prognosis.
However, since the number of samples tested was small, a
study with a larger number of samples is needed to support
the correlation between VEGF gene expression and clinico-

pathological factors in oral squamous cell carcinoma.

V. Conclusion

VEGEF binds to VEGFR-1 and VEGFR-2, which are recep-
tors in vascular endothelial cells, and is involved in endo-
thelial cell differentiation and migration as well as vascular
proliferation, and plays important roles in the angiogenesis
of tumors. In addition, VEGF produces plasma fibers outside
of blood vessels, causing changes in the extracellular matrix
through cellulose deposition. The matrix then promotes the

growth of macrophages, fibroblasts, and endothelial cells



in tumors, in particular, promoting vascular endothelial cell
proliferation, and are thereby involved in the angiogenesis of
tumors.

In this study, we used 20 tissue slices excised after surgery
from 20 patients diagnosed with oral squamous cell carci-
noma. To identify VEGF expression in each tissue slice, we
performed immunohistochemical tests, conducted VEGF
gene qRT-PCR analysis, and statistically analyzed the results.

1. Immunohistochemical test: In normal oral squamous
cells, VEGF expression was observed only in the vascular
endothelial cells in the mesenchymal tissues. On the other
hand, greatly increased VEGF expression was observed in
weakly differentiated oral squamous cell carcinoma.

2. VEGF gene expression: VEGF gene expression was
observed in all 20 tumor tissue slices, with only weak VEGF
gene expression observed in intraepithelial carcinoma tissues.

3. Differences in VEGF expression among different tumor
sizes were significant, and VEGFs were overexpressed in
highly invasive carcinomas compared to intraepithelial carci-
noma tissues.

In conclusion, VEGF expression was increased in insuf-
ficiently differentiated invasive carcinomas and was overex-
pressed in invasive oral squamous cell carcinoma but not in
intraepithelial carcinoma tissues. These findings suggest that
VEGF likely plays a role in angiogenesis of oral squamous

cell carcinoma.
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