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Abstract
Purpose The vascular endothelial growth factor (VEGF)
and p53 play important roles in the growth of tumor. How-
ever, the relationship between the expression of VEGF and
p53 and tumor cell proliferation in human gastrointestinal
cancer remains unknown. In the present study, therefore,
we have examined the relationship between VEGF and p53
expression and tumor cell proliferation in gastrointestinal
carcinoma (GITC), as well as the association between these
biomarkers and clinicopathological factors.
Methods Surgical specimens from 30 patients with GITC
were examined for VEGF, p53, and proliferating cell nuclear
antigen (PCNA) expression by immunohistochemical staining.
Results We found a predominant VEGF expression of
moderate intensity in 16(54.84%) of 30 GITC cases, while
p53 expression was mainly high in 13(45.16%) of 30 GITC
cases. PCNA expression was high in 20(64.52%) of 30
GITC cases. Tumor size, inWltration, vascular invasion, and
gastritis were signiWcantly correlated with VEGF, p53, and
PCNA expression. There was a signiWcant correlation
between VEGF and p53 expression (P = 0.0001), VEGF
and PCNA expression (P = 0.00004), and between p53
expression and PCNA expression (P = 0.0016). When the
VEGF and p53 expression, and PCNA expression were
considered together, both VEGF and p53 expression were
not signiWcantly associated with PCNA. A signiWcant

correlation between the PCNA expression and the mitotic
index (P = 0.0016) was also found.
Conclusion These results demonstrate that VEGF and
p53 expression are signiWcantly correlated as independent
prognostic factors with tumor cell proliferation, and might
be associated with relevant events involved in gastrointesti-
nal tumor biology.

Keywords VEGF · p53 · PCNA · Gastrointestinal 
carcinomas · Clinicopathological factors · 
Immunohistochemistry

Abbreviations
VEGF Vascular endothelial growth factor
PCNA Proliferating cell nuclear antigen
GITC Gastrointestinal carcinomas

Introduction

Angiogenesis plays a critical role in the growth and metas-
tasis of solid tumors (Folkman 1971; Folkman et al. 1971;
Doussis-Anagnostopoulou et al. 2002). It is known that
angiogenesis is regulated by a balance between stimulator
and inhibitor factors (Kondo et al. 2000; Takahashi et al.
1998, 2003). Vascular endothelial growth factor (VEGF) is
most commonly associated with tumor angiogenesis (Ellis
et al. 2000; Fontanini et al. 2002; La Rosa et al. 2003;
Takahashi et al. 2003; Uehara et al. 2004; Cristi et al. 2005;
Mattioli et al. 2007), and has been involved in the prolifera-
tion, migration and survival of endothelial cells (Ferrara
1999, 2000; Ellis et al. 2000; Scoazec 2000; Lappi-Blanco
et al. 2002; Cristi et al. 2005), the induction of fenestrations
and increase of the cell permeability (Ferrara 1999, 2000;
Scoazec 2000).
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In other studies, p53 tumor suppressor gene have been
found to play a crucial regulatory role in the control of
angiogenesis through the VEGF expression (Maeda et al.
1998a; Takahashi et al. 1998; Saito et al. 1999; Kondo et al.
2000; Maehara et al. 2000, 2001; Lanz et al. 2002; Lim
et al. 2003; Cristi et al. 2005). A signiWcant correlation
between VEGF and p53 expression have been shown in
gastric carcinoma (Maeda et al. 1998a), colon cancer
(Takahashi et al. 1998; Cristi et al. 2005), non-small cell
lung carcinoma (Fontanini et al. 1998), and oral squamous
cell carcinoma (Maeda et al. 1998b).

p53 is the most commonly mutated gene in human tumors
(Takahashi et al. 1998; Maehara et al. 1999; Saito et al. 1999;
Okuyama et al. 2002; Sangrajrang et al. 2003; Capello et al.
2006; Guan et al. 2006; Mattioli et al. 2007; Qiu et al. 2007).
The p53 family plays an important role in gastrointestinal
malignancies (Guan et al. 2006). The abnormal overexpres-
sion of p53 protein has been correlated with a poor prognosis
in human cancers (Maehara et al. 1999; Okuyama et al.
2002; Guan et al. 2006), including gastric (Saito et al. 1999),
colon (Takahashi et al. 1998; Okuyama et al. 2002) and
hepatocellular carcinomas (Guan et al. 2006).

It is known that p53 acts as a key cell cycle regulator in
response to stress signals, either by inducing cell growth
arrest, senescence or apoptosis (Maeda et al. 1998a; Takah-
ashi et al. 1998; McLeod and Murray 1999; Maehara et al.
2000, 2001; Lanz et al. 2002; Constantinou et al. 2003;
Fenoglio-Preiser et al. 2003; Sangrajrang et al. 2003; Guan
et al. 2006). Moreover, it has been suggested that p53 pre-
vent the growth of potential tumor cells related to its func-
tion as a tumor suppressor gene (Haupt et al. 2002; Nayak
and Das 2002).

The proliferating cell nuclear antigen (PCNA) is a co-
factor protein of DNA polymerase delta that plays a major
role in DNA synthesis (Linden et al. 1992; Maeda et al.
1999; McLeod and Murray 1999; Capello et al. 2006). The
expression of PCNA is associated with cell proliferation
(Maeda et al. 1999), particularly in the late G1 phase and S-
phase (Linden et al. 1992; Maeda et al. 1999). Therefore,
PCNA has been considered a useful marker for nuclear pro-
liferative activity (Linden et al. 1992; Maeda et al. 1999;
Capello et al. 2006).

Several studies have suggested that overexpression of
VEGF and p53 in tumor cells is related to tumor growth
(Maeda et al. 1998; Takahashi et al. 1998; Saito et al. 1999;
Maehara et al. 2000; Lim et al. 2003). However, the rela-
tionship between the expression of VEGF and p53 and
tumor cell proliferation in human gastrointestinal cancer
remains unknown. In the present study, therefore, we have
examined the relationship between VEGF and p53 expres-
sion and tumor cell proliferation in gastrointestinal carcino-
mas (GITC), as well as the association between these
biomarkers and clinicopathological factors.

Patients and methods

Tumor specimens

A retrospective study was undertaken in surgical biopsies
from patients (n = 30; 20 males and 10 females), mean age
of 63.8 years and a histopathological diagnosis of GITC
(n = 4 stomach, n = 20 colon, and n = 6 rectum). All tumors
were surgically removed and collected from February 2000
to July 2003, and approved by the local ethics committee
from the Hospital Clínico Universitario de Caracas, Uni-
versidad Central de Venezuela. No patient in this study was
treated with chemotherapy or radiotherapy prior to surgery.

Histopathology

Resected specimens from the patients were Wxed and
embedded in paraYn, and stained with hematoxylin–eosin.
One or two representative paraYn block from each case
was processed for immunohistochemical analyses.

Immunohistochemical analysis

For immunohistochemical staining, we used the avidin–
biotin–immunoperoxidase technique. ParaYn-embedded
tissue were sectioned to 4 �m and de-paraYned. The
endogenous peroxidase activity was blocked by 3% hydro-
gen peroxide in methanol for 5 min. The sections were then
washed in phosphate-buVered saline (100 mM PBS,
pH 7.2) and incubated with blocking reagent from labeled
streptavidine biotine (LSAB) kit (DAKO, Carpinteria, CA,
USA) for 30 min to reduce nonspeciWc antibody binding.
The sections were incubated with anti-VEGF (A-20) (Santa
Cruz Biotechnology, CA, USA) at a dilution of 1:300, anti-
p53 (FL-393) (Santa Cruz Biotechnology, CA, USA) at a
dilution of 1:100 and anti-PCNA (PC10) (DAKO, Carpin-
teria, CA, USA) at a dilution of 1:100 for 1 h at room tem-
perature in a humid chamber. Following this, the sections
were washed in PBS and incubated with biotinylated sec-
ondary antibody from LSAB kit for 30 min, and then incu-
bated with streptavidin-peroxidase reagent from this kit for
30 min according to the manufacturer’s instructions.
Finally, immunoreactions were developed with 3-amino-9-
ethyl carbazole solution for 10 min, counterstained with
Mayer hematoxylin, and mounted in aqueous medium.

Negative controls for each tissue section were prepared
replacing primary antibody with PBS. Control consisted of
normal stomach, colon, and rectum tissues, obtained from a
distant region of the tumors. The positive control consisted
of tissue sections of known positive immunoreaction for
each antibody. Intensity of immunostaining was scored as
negative = 0, weak = 1, moderate = 2 and high = 3. Obser-
vations were performed at the microscope standard KF2
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Zeiss with a digital camera (Casio QV-R40). The immuno-
histochemical evaluation of the specimens was performed
on coded samples by two observers independently, without
knowledge of the clinicopathological factors.

p53 expression and PCNA labeling index and mitotic index

The percentage of positive nuclear immunostaining of p53
(Fontanini et al. 2002; Lim et al. 2003) and positive nuclear
immunostaining of PCNA (Maeda et al. 1995; McLeod and
Murray 1999) was evaluated by counting 500 cells in ten Welds
of 40£ of magniWcation and expressed as the labeling index.

Mitotic index was calculated as the percentage of mitotic
cells in ten Welds of 40£ of magniWcation (van Diest et al.
1998; Takahashi et al. 2003).

Statistical analysis

The relationship between VEGF and p53 and PCNA
expression were examined using ANOVA Kruskal–Wallis

test, chi squared (�2) test or Student’s t test as appropriate.
The relationship between PCNA expression and mitotic
index were examined using �2 test. The correlation between
VEGF, p53 and PCNA and the clinicopathological factors
was analyzed with the �2 test. Data were expressed as the
mean § SD. Statistical signiWcance was deWned as
P < 0.05. All data were analyzed using Statistic 5.5 version
software.

Results

The histology of GITC was represented by characteristics
features including tumor cells with abundant stroma, and
presence of cells in mitosis (Fig. 1a). The clinicopathologi-
cal factors from GITC patients are shown in Table 1.

A total of 30 GITC were examined for the presence of
immunoreactivity to VEGF, p53 and PCNA. The immuno-
staining pattern of distribution was diVuse in some tumors
whereas focal in others. The VEGF expression was scored

Fig. 1 Representative examples 
of GITC. Hematoxilin and eosin 
staining showing several mitosis 
(a). Immunohistochemical stain-
ing of VEGF in tumor cells (b) 
and blood vessels (c), p53 in the 
tumor cells nucleus (d) and cyto-
plasm (e), and PCNA in tumor 
cells (f). Bar = 25 �m (a–f )
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as negative in 1(3.23%), weak in 1(3.23%), moderate in
16(54.84%), and high in 12(38.71%) of 30 GITC cases.
The VEGF expression was mainly localized in the cyto-
plasm and membrane of the tumor cells (Fig. 1b) and blood
vessels (Fig. 1c).

The p53 expression was negative in 2(6.45%), weak in
13(9.68%), moderate in 12(38.71%), and high in
13(45.16%) of 30 GITC cases. The p53 immunoreaction
was predominant in the nucleus of malignant cells
(Fig. 1d), and in some cases a cytoplasmic diVuse immuno-
staining (Fig. 1e) was also seen. A strong to moderate posi-
tive immunostaining to p53 in endothelial cells, and a weak
positive immunoreaction in smooth muscle cells, was pres-
ent. In normal cells a cytoplasmatic diVuse expression of
p53 was also found.

The PCNA expression was negative in 5(17.74%), mod-
erate in 5(17.74%), and high in 20(64.52%) of 30 GITC
cases. A moderate to strong nuclear PCNA immunostaining
was present in tumor cells (Fig. 1f).

The association between VEGF, p53, and PCNA expres-
sion and several clinicopathological factors in patients with
GITC is shown in Table 1. VEGF, p53 and PCNA immu-
nostaining was signiWcantly correlated with inWltration,
vascular invasion, and gastritis. Taken together, these
results indicate that overexpression of VEGF and p53 is
associated with an increase of the tumor proliferation activ-
ity, and a poor prognosis in GITC, in correspondence with
other malignant tumors (Maeda et al. 1998, 1999; Niu et al.
2000; Okuyama et al. 2002; Uehara et al. 2004). Both,
VEGF and p53 expression were also related to the tumor
size as previously reported (Takahashi et al. 2003). The
PCNA expression was correlated with tumor location, his-
tological grade and metastasis. These results suggest that
the increase of the proliferative activity is related to the
local tumor invasion and metastasis spread. VEGF, p53 and
PCNA might be used as biomarkers of tumor activity, since
they play a role in gastrointestinal tumor biology.

Kruskal–Wallis analysis, as shown in Table 2, showed
that there was a signiWcant correlation between VEGF and
p53 expression (P = 0.0001), and between VEGF and
PCNA expression (P = 0.00004). We used Student’s t test
to examine the correlation between p53 and PCNA expres-

sion (P = 0.0016, Table 3). When the VEGF and p53
expression, and PCNA expression were considered
together, both VEGF and p53 expression were not signiW-
cantly associated with PCNA (Table 4).

The mitotic index in GITC was 2.21 § 1.54
(mean § SD). The �2 test showed a signiWcant correlation
between the mitotic index and VEGF expression
(P = 0.0004) and the mitotic index and p53 expression
(P < 0.0001). Moreover, by the Student’s t test there was a
signiWcant correlation between the PCNA expression and
the mitotic index (P = 0.0016). The mitotic index showed
signiWcant correlation with age, sex, inWltration, tumor
location, histological grade, and metastasis (Table 1).

Discussion

The present study, as far as we know, examines for the Wrst
time the relationship between VEGF and p53 expression,
and tumor cell proliferation in GITC, and the association
between these biomarkers and clinicopathological factors.
It is known that VEGF have a role in the modulation of
endothelial functions in angiogenesis and vascular remode-
lation (Lappi-Blanco et al. 2002; La Rosa et al. 2003; Rosa
et al. 2003), through its binding to VEGF receptor 1 (Flt-1/
VEGFR-1) and receptor 2 (Flk-1/VEGFR-2/KDR) (Ferrara
2004; Lappi-Blanco et al. 2002). Here, we demonstrated by
immunohistochemistry that 29(96.77%) of 30 GITC
patients clearly expressed VEGF. A diVuse cytoplasmatic
pattern of distribution in endothelial and tumor cells was
similar to gastric (Saito et al. 1999), and colorectal cancer
(Takahashi et al. 1998; Gunsilius et al. 2002; Kondo et al.
2000). Smooth muscle cells have also been shown to
express VEGF in GITC (Saito et al. 1999; Takahashi et al.
2003; La Rosa et al. 2003; Ellis et al. 2000), and carcinoma
of the salivary gland (Lim et al. 2003). VEGF expression is
mediated by several factors such as hypoxia, cytokine lev-
els (Takahashi et al. 1998; Ferrara 1999, 2000), and p53
mutations (Takahashi et al. 1998; Saito et al. 1999; Lim
et al. 2003; Reinmuth et al. 2003).

The expression of p53 has been suggested to play an
important role in the regulation of VEGF via angiogenesis

Table 2 Correlation between VEGF expression, p53 labeling index, and PCNA labeling index

* Statistically signiWcant
a ANOVA Kruskal–Wallis test
b Student’s t test

VEGF Total n (%) p53 labeling index 
(mean § SD)

P value PCNA labeling 
index (mean § SD)

P value

(¡) 1(3.33) 12.54 § 11.66 0.0001a* 0 § 0 <0.0001b*

(+) 29(96.7) 14.14 § 15.22 22.03 § 17.10
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and protein kinase C induction (Maeda et al. 1998; Takah-
ashi et al. 1998; Saito et al. 1999; Maehara et al. 2000,
2001; Lim et al. 2003; Kondo et al. 2000; Hasan et al.
2002). In our study, the positive immunostaining of p53
was detected in 28(93.55%) of 30 GITC cases, and a strong
immunoreaction was mainly localized in the nucleus of
tumor cells, which suggests that p53 gene mutations are
frequent and critical in these tumors, similar to esophageal
(Saeki et al. 2002), gastric (Saito et al. 1999), urinary tract
(Furihala et al. 2002) and colorectal tumors (Smith et al.
1996; Kaklamanis et al. 1998; Takahashi et al. 1998). The
cytoplasmic diVuse p53 immunostaining in GITC might
indicate that p53 is chaperoned to the cytoplasm by the neg-
ative regulator Mdm2, an ubiquitin ligase related to upregu-
lation in the presence of active p53, where Mdm2
polyubiquinates p53 for proteasome targeting avoiding its
binding to DNA (Marine et al. 2006; Rosa et al, 2003). The
polyclonal antibody FL-393 that we used recognize both,
wild type and mutant p53, but given the short half-time of
wild type p53 protein (»5 min), immunostaining is likely
to represent abnormal accumulation of the mutant type only
(Smith et al. 1996; Saito et al. 1999; Woods and Vousden
2001; Okuyama et al. 2002; Fenoglio-Preiser et al. 2003;
Rosa et al. 2003; Marine et al. 2006; Qiu et al. 2007).
Recently, Capello et al. (2006) observed a heterogeneous
topographical distribution of the mutant p53 in prostate
cancer. In addition, the positive immunostaining to p53 in
normal cells could be due to the anti-p53 antibody FL-393,
which recognizes the 395 amino acids, representing the full
length of p53, resulting in the detection of not degraded
wild type protein, as previously found in esophageal (Saeki
et al. 2002), and gastric tissues (Okuyama et al. 2002).

Several studies have analyzed the prognostic signiW-
cance of VEGF and p53 expression in human malignant
tumors. This association may further contribute to the
understanding of the gastrointestinal tumor biology. In our
study, a signiWcant correlation between VEGF and p53
expression suggest the existence of a pathway from p53 to
regulate angiogenesis induced by VEGF, comparable to
the Wndings in other gastric (Maeda et al. 1998a; Saito
et al. 1999; Maehara et al. 2000), colorectal (Kondo et al.
2000; Takahashi et al. 1998), head and neck (van Houten
et al. 2002), and salivary gland tumors (Lim et al. 2003).
The close relationship between VEGF expression and p53
protein accumulation suggest that p53 status might be a
key event to the angiogenesis of GITC (Maeda et al.
1998a; Takahashi et al. 1998; Saito et al. 1999; Kondo
et al. 2000; Maehara et al. 2000, 2001; Lanz et al. 2002;
Lim et al. 2003), since it is known that p53 protein accu-
mulation may induce angiogenesis through upregulation of
VEGF (Saito et al. 1999). The VEGF and p53 expression
in GITC was correlated with the tumor size, inWltration,
vascular invasion, and gastritis, suggesting an important
association with a poor prognosis. The VEGF expression
has been considered an important prognostic factor in
human cancers of gastrointestinal tract, breast carcinoma
and hepatocellular carcinoma (Lim et al. 2003; Maeda
et al. 1998a, 1999; Niu et al. 2000; Okuyama et al. 2002;
Uehara et al. 2004). VEGF also plays an essential role in
tumor angiogenesis and metastasis (Takahashi et al. 2003)
of hepatocellular carcinoma (Niu et al. 2000). The p53
expression has been reported as a prognostic indicator of
the invasion (Maeda et al. 1998a; Saito et al. 1999; Mae-
hara et al. 2000), inWltration and metastasis (Smith et al.
1996; McLeod and Murray 1999; Buglioni et al. 2001;
Capello et al. 2006). The most signiWcant predictor of poor
prognosis is a large tumor size and metastasis (Uehara
et al. 2004). However, in the present study no correlation
was found between VEGF or p53 expression and metasta-
sis probably related to the small number of patients
(Takahashi et al. 2003; Lim et al. 2003). Similarly, in other
reports also, no correlation between VEGF or p53 expres-
sion and lymph node metastasis was found in lung cancer,
oral squamous cell carcinoma (Maeda et al. 1998b; Saito
et al. 1999; Uehara et al. 2004), and gastric cancer (Maeda
et al. 1998a; Saito et al. 1999).

In this study, the nuclear positive immunostaining of
PCNA in tumor gastrointestinal cells was similar to other
carcinomas (Linden et al. 1992; McLeod and Murray 1999;
Okuyama et al. 2002). The immunoreaction in non-tumor
cells could be due to secretion of growth factors inducing
the synthesis of PCNA, and the accumulation of this pro-
tein in normal cells (Linden et al. 1992), as demonstrated in
gastric tissue (Maeda et al. 1999). The PCNA expression
was correlated with histological grade, inWltration, vascular

Table 3 Correlation between p53 expression and PCNA-labeling
index

* Statistically signiWcant
a Student’s t test

p53 Total 
n (%)

PCNA labeling 
index (mean § SD)

P value

(¡) 2(6.67) 9.83 § 15.92 0.0016a*

(+) 28(93.33) 15.25 § 15.60

Table 4 Correlation between VEGF and p53 expression and PCNA-
labeling index

a Student’s t test

Total 
n (%)

PCNA labeling 
index (mean § SD)

P value

VEGF (+) and p53 (¡) 0(0.00) 0.00 § 0.00 0.2202a

VEGF (+) and p53 (¡) or 
VEGF (¡) and p53 (+) 

3(10.00) 21.45 § 14.79

VEGF (¡) and p53 (+) 27(90.00) 17.51 § 16.88
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invasion, gastritis and metastasis. These results suggest that
the increase of the proliferative activity could be related to
the local tumor invasion and metastasis spread. Cell prolif-
eration has been associated to tumor aggressiveness (Medri
et al. 2003). The aggressive behavior of tumor in patients
with metastasis considered in this study was similar to other
neoplasias including gastric (Maeda et al. 1998a), and colo-
rectal (Sumiyoshi et al. 2000). On the contrary, in our cases
no statistically signiWcant correlation was found between
the tumor size and the PCNA index labeling score, possibly
related to the size of a lesion measured one-time during its
growth and not reXecting its growth rate as a proliferative
score (Vesselle et al. 2000).

We found a positive correlation between VEGF and
PCNA expression in GITC. Recently, a similar association
was found in salivary gland carcinomas (Lim et al. 2003)
and breast cancer (Kushlinskii et al. 2004); however, an
inverse correlation between VEGF expression and PCNA
labeling index was found in endometrial cancer (Fujiwaki
et al. 1999). Giatromanolaki et al. (1998) using Ki-67
showed no correlation between VEGF expression and
tumor proliferation in non-small cell lung cancer.

Recently, Cristi et al. (2005) suggested that the VEGF
protein might be an indirect mediator of tumor growth in
colon cancer by microvessel proliferation induction,
although the direct impact of VEGF expression on tumor
growth kinetics is not clearly deWned. The role of PCNA in
the regulation of VEGF is currently being investigated (Niu
et al. 2000).

In the present study, p53 expression was associated with
tumor proliferation, indicating that p53 accumulation may
confer a proliferative advantage for gastrointestinal cells, in
correspondence with other malignancies in breast (Sangraj-
rang et al. 2003) and prostate (Capello et al. 2006).

We found in our cases a positive association between the
mitotic index and the PCNA expression and several clinico-
pathological factors. The mitotic index has been implicated
in the proliferate activities of tumor, and considered as a
variable to determine the histological grade of the tumor
(van Diest et al. 1998) in stomach cancer (Takahashi et al.
2003). Kontogianni et al. (2003) found that tumor size,
necrosis, mitoses, metastasis and PCNA labeling index are
correlated as independent poor prognostic factors in GITC.
The mitotic activity as an independent prognostic variable
is currently used in the tumor-grading system (Medri et al.
2003).

In conclusion, VEGF and p53 expression are related as
independent prognostic factors with tumor proliferation in
human GITC. Further studies including biochemical and
molecular analysis will be necessary to elucidate the role(s)
of VEGF and p53 expression and their correlation with cell
proliferation in GITC, as well as the implications in tumor
angiogenesis and possible selection of therapy.
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