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P53 and Vascular Endothelial Growth Factor Expressions are two Important Indices
for Prognosis in Gastric Carcinoma

Rende Guo1, Qiang Li1, Lingxin Meng2, Yuqing Zhang2, Chuan Gu3

ABSTRACT

Aim: This study examined the correlation between P53 and vascular endothelial growth factor (VEGF)
expression together with tumour vascularity and investigated their clinical significance in the prognosis
of gastric carcinoma.
Subjects and Methods: Ninety-five patients with gastric carcinoma who underwent curative surgical
resection were studied using immunohistochemical staining.  Correlation between the expression of
p53, VEGF, microvessel count (MVC) and various clinicopathologic factors were studied.
Results: No significant correlation was found between p53 expression and clinicopathologic factors.
The rate of VEGF positivity was significantly higher in patients with haematogenous metastasis than in
those without haematogenous metastasis.  Both p53 and VEGF expression were associated with MVC.
The MVC in p53 positive tumours was significantly higher than that in p53 negative tumours.  Similarly,
the same trend was seen between VEGF expression and MVC.  The p53 and VEGF were co-expressed
in 61 of 95 tumours (64.2%), and a significant (p < 0.01) association between p53 and VEGF ex-
pressions was demonstrated.  The rate of VEGF positivity was significantly (p < 0.01) higher in the
patients with disease recurrence than in those without recurrence, whereas no significant correlation
was found between disease recurrence and the expression of p53.
Conclusions: The p53 expression may play an important role in controlling angiogenesis by regulating
VEGF expression and VEGF expression is associated closely with disease recurrence.  In addition, both
p53 and VEGF expression might be useful in indicating the prognosis in patients with gastric
carcinoma.

West Indian Med J 2008; 57 (1): 2

Las Expresiones del  P53 y del Factor de Crecimiento del Endotelio Vascular
Constituyen dos Índices Importantes para la Prognosis del Carcinoma Gástrico

Rende Guo1, Qiang Li1, Lingxin Meng2, Yuqing Zhang2, Chuan Gu3

RESUMEN

Objetivo: Este estudio examinó la correlación entre el P53 y la expresión del factor de crecimiento del
endotelio vascular (VEGF)  junto con las vascularidad del tumor, e investigó su importancia clínica en
la prognosis del carcinoma gástrico. 
Sujetos y métodos: Noventa y nueve pacientes con carcinoma gástrico que fueron sometidos a
resección  quirúrgica curativa, fueron estudiados usando teñido inmunohistoquímico.  Se estudió la
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were observed for at least five years after surgery and
routinely monitored by diagnostic imaging (computed tomo-
graphy, ultrasonography or magnetic resonance imaging)
once a year and serum levels of carcinoembryonic antigen
(CEA).  Patients who died of other diseases were excluded
from the study.  The type of recurrence was established by
diagnostic imaging, serum levels of CEA, cytology, biopsy or
open surgery, and was classified as hepatic recurrence, peri-
toneal recurrence, or other type of recurrence.  Almost all
patients had only one site of recurrence.  In patients who had
multiple sites of recurrence, the mode of recurrence was
determined at the time of first relapse.  But it is difficult to
distinguish second primary carcinomas in the gastric stump
from synchronous tumours overlooked at the time of first
surgery; tumours in the residual stomach were excluded from
the study.

The patients were examined endoscopically prior to
surgery and several samples from various portions of the
tumour were obtained by routine forceps biopsy.  The speci-
mens were fixed with 10% formalin and embedded in paraf-
fin.  Sections were cut at 4 µm and mounted on glass slides.

Antibodies and Reagent
As primary antibodies, a rabbit polyclonal antibody A-20
which recognizes VEGF and a mouse monoclonal antibody
DO-7 which recognizes P53 protein were used (Santa Cruz
Biotecnology, Inc, Santa Cruz, CA).  Given the extremely
short half-life of wild-type P53 protein, the DO-7 staining
almost certainly represents abnormal accumulation of only
the mutant-type P53 protein.  F8/86, a mouse monoclonal
antibody was used to detect factor VII-related antigen which
localizes to vascular endothelium.  Normal rabbit, normal
goat serum, biotinylated rabbit antimouse immunoglobulin G
(IgG), biotinylated goat antirabbit IgG, streptavidin-per-
oxidase reagent and diaminobenzidine were purchased from
Zhong Shan Corporation (Peking, China).

INTRODUCTION
It is well known that malignant tumours depend on neovas-
cularization for their growth and metastasis (1).  It has also
been suggested that the degree of tumour angiogenesis is
related to clinical outcome in gastric carcinoma, suggesting
that angiogenic properties correlate with tumour aggressive-
ness.  Many investigators have demonstrated that vascular
endothelial growth factor (VEGF) plays a crucial role in the
formation of neovasculature and correlates strongly with
tumour angiogenesis in gastric carcinoma (2, 3).

P53 is a well known tumour suppressor gene.  Muta-
tions of the P53 gene are the most common genetic altera-
tions and are known to occur in a wide range of human
malignancies.  Recent studies have shown that P53 may play
a crucial role in the control of angiogenesis through regula-
tion of VEGF expression (4).

In this study, immunohistochemical staining was used
to examine the correlation between P53 and VEGF expres-
sion together with tumour vascularity and investigate their
clinical significance in gastric carcinoma.

SUBJECTS AND METHODS
Clinical Materials
Ninety-five patients with gastric carcinoma who underwent
curative surgical resection at the TianJin Cancer Hospital
between May 1996 and May 2001 were studied.  The patients
ranged in ages from 26 to 79 (average 60.95) years, and there
were 67 males and 28 females.  No patient had received
chemotherapy or radiation therapy before surgery.  Through-
out this study, the Japanese classification of gastric carcino-
ma was used for the pathologic diagnosis and classification
of variables (5).  Tumours were divided into two histologic
subgroups: differentiated type, which consisted of papillary
and tubular adenocarcinoma; and undifferentiated type which
included poorly differentiated adenocarcinomas, signet ring
cell carcinoma and mucinous adenocarcinomas.  All patients

correlación entre la expresión de p53, VEGF, el conteo de microvasos (MVC) y varios factores clínico-
patológicos. 
Resultados: No se halló una correlación significativa entre la expresión de p53 y los factores clínico-
patológicos.  La tasa de positividad de VEGF, fue significativamente más alta en pacientes con metás-
tasis hematogénica que en pacientes sin metástasis hematogénica.  Tanto la expresión de p53 como la
de VEGF estuvieron asociadas con el conteo MVC.  El MVC en tumores p53 positivos fue significa-
tivamente más alto que en tumores p53 negativos.  De manera similar, la misma tendencia se observó
entre la expresión de VEGF y MVC. El p53 y el VEGA fueron co-expresados en 61 de 95 tumores
(64.2%), y se demostró una asociación significativa (p < 0.01) entre las expresiones de p53 y VEGA.
La tasa de positividad VEGA fue significativamente más alta (p < 0.01) en los pacientes con
recurrencia de la enfermedad que en aquellos sin recurrencia, en tanto que no se halló una correlación
significativa entre la recurrencia de la enfermedad y la expresión de p53.
Conclusiones: La expresión p53 puede desempeñar un importante papel en el control de la
angiogénesis mediante la regulación de la expresión de VEGF y la expresión de VEGF está
estrechamente asociada con la recurrencia de la enfermedad. Además, tanto la expresión de p53 como
la de VEGF podrían ser útiles para indicar la prognosis de pacientes con carcinoma gástrico. 
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Immunohistochemical Techniques
Immunohistochemical staining was performed by the strep-
tavidin-biotin method.  Briefly, sections were deparaffinized
and incubated with 0.3% hydrogen peroxide in methanol for
30 minutes to block endogenous peroxidase activity.  Then
sections were washed in phosphate-buffered saline (PBS)
and incubated in 10% normal rabbit serum for 10 minutes to
reduce nonspecific antibody binding.  Specimens were then
incubated with primary antibodies (5 µg/ml) for 90 minutes
at room temperature, followed by three washes with PBS.
Afterwards, sections were incubated with biotinylated rabbit
antimouse IgG at a dilution of 1:100 for 30 minutes followed
by 3 washes and were treated with streptavidin – peroxidase
regent for 30 minutes at a dilution of 1:100, then followed by
three washes with PBS.  Finally, slides were incubated in
PBS containing diaminobenzidine and 1% hydrogen per-
oxide for 5 minutes, counterstained with Mayer haema-
toxylin and mounted.  Normal mouse IgG was substituted for
primary antibody as the negative control.

Staining Analysis
VEGF staining
The degree of immunostaining for VEGF was considered
postive when unequivocal staining of the membrane or
cytoplasm was observed in tumour cells regardless of the
number of cells stained.

P53 staining
P53 immunoreactivity was assessed positive when tumour
cells showed a complete nuclear staining pattern, diffuse or
granular, regardless of the number of cells stained.

Microvessel Counting
The methods of microvessel counting were as described
previously (6).  In brief, any single brown-stained cell or
cluster of endothelial cells that was clearly separate from
adjacent microvessels, tumour cells and other connective tis-
sue element was considered a vessel.  Branching structures
were counted as a single vessel unless there was a dis-
continuity in the structure.  The stained sections were
screened at x 5 magnification to identify the areas of the
highest vascular density within the tumour.  These high
neovascular areas could occur anywhere within the tumour
but were most frequent at the margin of the carcinoma.
Vessels were counted in the five areas of highest vascular
density at x 200 magnification.  Microvessel count (MVC)
was assessed as the mean number of vessels in these areas.

Characterization of VEGF and P53 expression and
microvessel counting were performed by two investigators
who had no knowledge of other clinicopathologic features or
clinical outcomes.

Statistical Methods
The relationship between P53 or VEGF expression and the
MVC was evaluated by Wilcoxon rank-sum test and the

correlation between P53 expression, VEGF expression and
the various clinicopathologic factors was examined by Chi-
square test.  The accepted level of significance was p < 0.05.

RESULTS 
No immunoreactivity of VEGF was detected in normal mu-
cosal cell. Vascular endothelial growth factor was mainly
localized to the cytoplasm or the membrane of the carcinoma
cell (Fig. 1).  Tumour cells that were strongly immuno-

Fig. 2: Immunohistochemical staining for p53 in tumour tissue of the
stomach (x 400). 

Fig 1: Immunohistochemical staining for VEGF in tumour tissue of the
stomach (x 400).

positive for VEGF were observed more often at the invasive
front than in the centre of the tumour.  VEGF expression was
detected in 52 of 95 (54.7%) tumours.  p53 immunoreactivity
was localized in the nuclei of tumour cells (Fig. 2) and

positive p53 protein accumulation was detected in 40 of 95
(42.1%) tumours.

Table 1 shows the correlation between p53 or VEGF
expression and various clinicopathologic factors.  No signi-
ficant correlation was found between p53 expression and
clinicopathologic factors.  The rate of VEGF positivity was
significantly higher in patients with haematogenous metas-
tasis than in those without haematogenous metastasis.
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Table 2 shows the correlation between p53, VEGF
expression and MVC; both p53 and VEGF expression were

Table 1: Expression of p53 protein and VEGF and clinicopathological
features

Variable p53 expression VEGF expression
positive cases/ positive cases/

total cases total cases

Gender
Male 26/67 36/67
Female 14/28 16/28
Age

< 60 years 10/24 14/24
$ 60 years 30/71 38/71

Histology
Differentiated 8/17 6/17
Undifferentiated 32/78 46/78

Lymph mode metastasis
Negative 19/51 18/51
Positive 21/44 34/44

Hematogenous metastasis
Negative 30/73 36/73a

Positive 10/22 16/22b

Stage
II 20/53 21/53
III 18/39 29/39
IV 2/3 2/3

Table 2: Correlation between p53/VEGF expression and MVC

p53/VEGF n MVC p value

P53 expression
Positive 40 23.74 ± 4.61
Negative 55 17.23 ± 5.47 < 0.05

VEGF expression
Positive 52 25.83 ± 6.32
negative 43 16.41 ± 5.39 < 0.05

associated with MVC.  The MVC in p53 positive tumours
was significantly higher than that in p53 negative tumours.
Similarly, the same trend was seen between VEGF expres-
sion and MVC.

The p53 and VEGF were co-expressed in 61 of 95
tumours (64.2%) and a significant (p < 0.01) association
between p53 and VEGF expression was demonstrated (Table
3).

Table 3: Correlation between p53 and VEGF expression

VEGF expression
Positive Negative p value

P53 expression

Positive 29 11

Negative 23 32 < 0.01

Table 4: Correlation between disease recurrence and VEGF, p53
expression

No of patients
Variable With recurrence Without recurrence p value

(n = 36) (n = 59)

VEGF expression
Positive 25 27
Negative 11 32 < 0.01

P53 expression
Positive 17 23
Negative 19 36 NS

patients with diseases recurrence than in those without re-
currence, whereas no significant correlation was found be-
tween disease recurrence and the expression of p53.

DISCUSSION
Mutations of the p53 gene are the most common genetic
alteration known to occur in a wide range of human malig-
nancies (7).  In this study, the abnormal accumulation of p53
protein by immunohistochemistry in 40 of 95 (42.1%) gastric
carcinomas could be detected.  Some correlations between
p53 abnormality and clinical features have been suggested in
gastric carcinomas and results in this study were in line with
former reports (8–10).  We observed no correlation between
p53 expression and histologic type, lymph node metastasis,
haematogenous metastasis or tumour stage.

Angiogenesis is thought to be regulated by growth fac-
tors that are secreted by host and tumour cells.  Among these
regulators, VEGF is thought to be a major tumour angio-
genesis regulator.  Vascular endothelial growth factor is a
selective mitogen for endothelial cells and may directly
stimulate the growth of new blood vessels (11).  It has been
reported that VEGF expression is correlated with tumour
angiogenesis and prognosis in patients with gastric carcino-
ma (12).  But Chen et al (13) reported that VEGF expression
level was not significantly correlated with MVC.  In the cur-
rent study, the MVC in VEGF positive tumours was signi-
ficantly higher than in VEGF negative ones.  Furthermore,
the haematogenous metastasis in VEGF positive tumours
was significantly higher than VEGF negative ones.

Recently, it was reported that p53 plays an important
role in controlling angiogenesis by regulating VEGF ex-
pression.  Kieser et al (14) reported that VEGF expression
was induced through protein kinase C pathway stimulation in
the presence of p53 tumour suppressor gene mutation.
Volpert et al (15) reported that loss of wild-type p53 cause a
four-fold induction of VEGF.  Kiyoshi et al (16) reported that
there was a significant correlation between p53 and VEGF
expression in gastric carcinoma.  However, Joo et al (17)
reported that the expression of p53 did not correlate with
VEGF expression and the relationship between the status of
p53 expression and MVC had no statistically significant dif-
ferences.  In the current study, the VEGF expression signi-
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The correlation between disease recurrence and
expression of VEGF and p53 is shown in Table 4.  The rate
of VEGF positivity was significantly (p < 0.01) higher in the
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ficantly elevated as the expression of p53 increased.  Further-
more, both p53 and VEGF status were significantly asso-
ciated with MVC.  Thus, we can conclude that nuclear p53
accumulation may correlate with tumour angiogenesis
through a VEGF upregulation in gastric carcinoma.

According to recurrence, it most likely arises from
occult metastasis already existing at the time of surgery.
Therefore, the identification of specific indicators for the
metastatic potential of primary tumours would allow for
better prognostic stratification of patients and thus more
effective treatment.  Thus, it could be considered that tu-
mours with VEGF expression would produce an environment
suitable for metastasis by recruiting VEGF-induced angio-
genesis in the primary tumour (18).  Fondervila et al (19)
reported that p53 and VEGF expression were independent
prognostic factors in patients with curatively resected gastric
cancer.  In the current study, we investigated the correlation
between disease recurrence and VEGF expression together
with p53 abnormality.  Only VEGF expression was found to
be associated significantly with disease recurrence.  Disease
recurrence was observed in 48.1% (25 of 52) of the patients
with VEGF positive tumours and was significantly higher
compared with VEGF negative tumours (25.6%, 11 of 43).
Therefore, VEGF can be considered a sensitive marker for
disease recurrence.

In conclusion, this study demonstrated that p53 ex-
pression may play an important role in controlling angio-
genesis by regulating VEGF expression and VEGF
expression is associated closely with disease recurrence. In
addition, both p53 and VEGF expression might be useful in
assessing the prognosis of patients with gastric carcinoma.
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