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Abstract. Background PI3K/Akt signaling has been shown
to be activated in a variety of cancers. However, the correla-
tion between Akt activation and VEGF expression is unclear
in colon cancer tissues. This study aimed to investigate
the expression and predictive value of phosphorylated Akt
(pAkt) and VEGEF in colon cancer tissues. The expression of
PI3K, pAkt and VEGF was detected by immunohistochem-
ical staining in 60 samples of colon cancer tissues and their
corresponding adjacent normal colon tissues. In addition, the
correlations between the expression levels of the 3 proteins
and the clinicopathological parameters of the colon cancer
cases were analyzed. The positive rates of PI3K, pAkt and
VEGF expression were 71.7% (43/60), 68.3% (41/60) and
61.7% (37/60) in colon cancer, respectively, which were
significantly higher than in adjacent normal colon tissues
(P<0.001). Correlation analyses showed that PI3K expression
was not significantly associated with the gender or age of
the patients, tumor size or differentiation (P>0.05), but was
closely associated with serous coat infiltration and lymphatic
metastasis of colon cancer (P<0.05). Neither pAkt nor VEGF
expression were significantly associated with the gender or
age of the patients, or tumor differentiation (P>0.05), but
were closely associated with tumor size, serous coat infiltra-
tion and lymphatic metastasis of colon cancer (P<0.05). In
addition, the expression levels of PI3K and pAkt were posi-
tively correlated with that of VEGF in colon cancer tissues
(P<0.05). Our data show a positive correlation between
PI3K/Akt activation and VEGF expression in colon cancer
tissues and indicate that pAkt is an independent prognostic
marker for colon cancer patients.
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Introduction

Colon cancer is the most common malignancy and the third
leading cause of cancer-related mortality in China. Recently,
the incidence and mortality of colon cancer have increased
gradually in China (1). Therefore, a deeper understanding of
the molecular pathology of colon cancer is critical for estab-
lishing novel therapeutic and diagnostic strategies against this
potentially lethal disease.

The PI3K/Akt pathway is crucially involved in mamma-
lian cell survival and resistance to apoptosis (2). PI3K/Akt
signaling has been shown to be overactivated in a variety of
cancers, thereby promoting cancer initiation and progres-
sion (3). However, angiogenesis plays a significant role in tumor
metastasis and vascular endothelial growth factor (VEGF)
is one of the most effective factors that promotes tumor
neovessel angiogenesis. The high expression level of VEGF
has been shown to be correlated with the metastasis of several
cancers, including esophageal and pancreatic cancer (4,5).
However, few studies have examined the correlation between
the activation of PI3K/Akt signaling and VEGF expression in
colon cancer tissue samples. Therefore, in the present study we
mainly employed immunohistochemical methods to detect the
protein expression of PI3K, Akt and VEGF in colon cancer
tissues and then analyzed the correlations of the expression
levels of these proteins with the clinicopathological features
of colon cancer.

Materials and methods

Sample collection and case data. From April 1990 to February
2007, samples from 60 cases of colon cancer were collected
from the Department of Surgery at the First Affiliated Hospital
of Liaoning Medical University, Jinzhou, China. The clinical
samples were obtained from surgically removed, pathologi-
cally confirmed colon cancer. The patients included 34 males
and 26 females and their ages ranged from 39 to 74 years
(median age, 53.6 years). None of the patients accepted preop-
erative radiotherapy or chemotherapy. Among the 60 patients,
4 succumbed to the disease and the remaining 56 patients were
followed up for 10 to 204 months following surgery. The path-
ological classifications of colon cancer were based on tumor
size, infiltration, differentiation and lymph node metastasis.
Normal colon tissue samples adjacent to the colon cancer were
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Table I. Expression of PI3K, pAkt and VEGF in colon cancer and normal colon tissues.

Group (n) PI3K(+) % pAkt(+) % VEGF(+) %
Colon cancer (60) 43 71.7 41 65 37 61.7
Normal colon (20) 9 45 7 35 6 30

colon cancer tissue normal colon tissue

Figure 1. Representative images of immunohistochemical staining to detect
the expression of PI3K, pAkt and VEGF in clinical colon tissues. (A) PI3K
immunoreactivity was detected in the colon cancer tissue but not in adjacent
normal colon tissue. (B) pAkt immunoreactivity was detected in the colon
cancer tissue but not in adjacent normal colon tissue. (C) VEGF immuno-
reactivity was detected in the colon cancer tissue but was weak in adjacent
normal colon tissue. Magnification, x400.

also collected from each case and used as negative controls.
The collection of clinical samples was approved by the Ethics
Committee of Liaoning Medical University, and all patients
gave their written informed consent.

Immunohistochemical staining. Tumor tissues and normal
tissues were fixed in 10% formaldehyde and were paraffin
wax-embedded. Subsequently, the tissues were cut into 5-mm
thick serial sections, which were washed carefully with 0.01 M
phosphate-buffered saline (PBS) three times, and then blocked
with 2% goat serum in 0.01 M PBS containing 0.3% Triton
X-100 for 1 h at room temperature. The sections were incu-
bated at 4°C overnight with rabbit antibody against human
PI3K, pAkt or VEGF (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA). Subsequently, the slides were subjected to
immunohistochemical staining using a streptavidin-biotin-
peroxidase SP kit (Boster, Wuhan, China). After visualizing
the reaction with 3,3'-Diaminobenzidine (DAB), the slides
were counterstained with haematoxylin. For negative controls,
the primary antibodies were replaced with PBS.

Table II. Correlation between PI3K, pAkt and VEGF expres-
sion in colon cancer tissues.

pAkt VEGF
Group (n) + - + -
PI3K(+) (43) 34 9 31 12
PI3K(-) (17) 7 10 6 11
P=0.004 P=0.008

Evaluation of immunohistochemical staining. Following
immunohistochemical staining, the tissue sections were evalu-
ated independently by two blinded investigators who provided
a consensus opinion of the staining patterns observed under
light microscopy. Five fields were randomly selected and
immunohistochemical staining of the cells was assessed
according to the proportion of cells stained and the staining
intensity. The proportion of cells stained was assessed using
a semiquantitative 4-point scale: 0, <10% staining; 1, 10-20%
staining; 2,21-50% staining; and 3,>50% staining. The staining
intensity was also graded using a 4-point scale: 0, no staining;
1, light yellow; 2, brown; and 3, dark brown. The combined
score was calculated by multiplying the individual scale of
the proportion and intensity (range 0-9) and was assessed as
follows: 0-2, negative staining (-); 3-6, positive staining (+);
and =6, strong positive staining (++).

Statistical analysis. The differences between groups were
tested for significance using the y* test. The Pearson test was
performed for correlation analysis. Statistical analyses were
performed using SPSS version 15.0 (SPSS Inc., Chicago, IL,
USA). P<0.05 was considered to indicate a statistically signifi-
cant result.

Results

PI3K, pAkt and VEGF are highly expressed in colon cancer
tissues. Immunohistochemical staining showed that the posi-
tive rates of PI3K, pAkt and VEGF expression were 71.7%
(43/60), 68.3% (41/60) and 61.7% (37/60), respectively, among
60 colon cancer tissue samples. In the control group of adja-
cent normal colon tissues, the positive rates of PI3K, pAkt and
VEGEF expression were clearly lower than in the colon cancer
group (Fig. 1). The differences between the two groups were
statistically significant (P<0.05; Table I).

Expression of PI3K, pAkt and VEGF have a positive corre-
lation in colon cancer tissues. Among the 43 colon cancer
tissues in which PI3K was highly expressed, pAkt was highly
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Table III. Correlation between PI3K, pAkt and VEGF expression in colon cancer and clinicopathological features.
Clinicopathological
feature n PIBK(H+) % y*/P-value  pAkt(+) % y*/P-value  VEGF(+) % y*/P-value
Gender
Male 28 21 75  0.287/0.592 19 67.9 0.188/0.664 19 679 0.851/0.356
Female 32 22 68.8 20 62.5 18 56.3
Age (years)
<65 46 34 73.9 0.490/0.484 29 63 0.066/0.798 26 565 1.373/0.241
=65 14 9 64.3 10 714 11 78.6
Tumor size (cm)
<5 26 16 61.5 2.318/0.128 13 50 4.538/0.033 10 38.5 10.452/0.001
=5 34 27 794 26 76.5 27 794
Serous coat
infiltration
Yes 39 33 84.6 11.613/0.001 29 744 4.290/0.038 28 71.8  4.835/0.028
No 21 10 47.6 10 47.6 9 429
Differentiation
High/medium 45 31 689 0.318/0.528 26 57.8 0.178/0.604 26 57.8  0.151/0.656
Low 15 12 80 13 86.7 11 733
Lymphatic
metastasis
Yes 36 30 83.3 4.602/0.032 28 77.8 6.459/0.011 26 722 4.242/0.039
No 24 14 583 11 458 11 458

expressed in 32 cases and VEGF protein was highly expressed
in 31 cases. Furthermore, among the 17 colon cancer tissues
with negative staining for PI3K, pAkt staining was negative
in 12 cases and VEGEF staining was negative in 13 cases. The
Pearson analysis showed that PI3K expression had a positive
correlation with pAkt and VEGF expression in colon cancer
tissues (P<0.05, Table II).

Correlation between the expression of PI3K, pAkt and VEGF
and clinicopathological parameters of colon cancer. To inves-
tigate the clinical significance of the expression of PI3K, pAkt
and VEGEF in colon cancer, we analyzed the clinicopatho-
logical parameters of the patients. Statistical analysis showed
that PI3K expression was not significantly associated with
the gender or age of the patients, tumor size or differentiation
(P>0.05), but was closely associated with serous coat infiltra-
tion and lymphatic metastasis of colon cancer (P<0.05). Neither
pAkt nor VEGF expression were significantly associated with
the gender or age of the patients, or tumor differentiation
(P>0.05), but were closely associated with tumor size, serous
coat infiltration and lymphatic metastasis of colon cancer
(P<0.05; Table I1I).

Discussion

Despite the progress in the development of effective diagnostic
and therapeutic strategies for colon cancer, treatment of the
disease remains a challenge due to the overall poor prognosis
of colon cancer patients. Consequently, great efforts have been
taken recently to identify novel prognostic and predictive

biomarkers for colon cancer and recent studies reported that
several biomarkers were able to predict the survival of colon
cancer patients (6-8).

The PI3K/Akt pathway is involved in cellular survival by
inhibiting apoptotic processes and stimulating cell growth and
proliferation. The PI3K/Akt pathway is commonly activated in
human cancers and has been recognized as an important target
for anti-cancer therapy. In addition, the negative prognostic
value of the PI3K/Akt pathway has been revealed in several
types of cancer (9-11). However, the clinical significance of
the activation of PI3K/Akt in colon cancer remains uncertain.
VEGF is a potent angiogenic factor that promotes tumor
metastasis and angiogenesis (12). A recent study demonstrated
that the phosphorylation of Akt and ERK1/2 is required for
VEGF-induced proliferation and migration of lymphatic endo-
thelium, suggesting that PI3K/Akt signaling could cross-talk
with VEGF signaling to promote tumor angiogenesis (13). The
phosphorylation of Akt is established as a hallmark for the
activation of PI3K/Akt signaling but few studies have exam-
ined the correlation between the phosphorylation of Akt and
VEGEF expression in colon cancer tissue samples. Therefore,
in the present study we aimed to detect the protein levels of
PI3K, pAkt and VEGF in colon cancer tissues and investigate
the correlations of the expression levels of these proteins with
the clinicopathological variables of colon cancer.

By immunohistochemical staining, we showed that the
positive rates of PI3K, pAkt and VEGF expression were
71.7% (43/60), 68.3% (41/60) and 61.7% (37/60), respectively,
in colon cancer, which were significantly higher than in adja-
cent normal colon tissues (P<0.001). The correlation analysis
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showed that the expression level of PI3K was closely associ-
ated with serous coat infiltration and lymphatic metastasis of
colon cancer (P<0.05), and the expression levels of pAkt and
VEGF were closely associated with tumor size, serous coat
infiltration and lymphatic metastasis in colon cancer (P<0.05).
In addition, the expression levels of PI3K and pAkt were posi-
tively correlated with that of VEGF in colon cancer tissues
(P<0.05). These results suggest that PI3K/Akt signaling and
VEGEF signaling cross-talk with each other to promote the
progression, metastasis and angiogenesis of colon cancer.
In addition, our findings of the positive correlation between
PI3K/Akt activation and VEGF expression in colorectal
cancer tissues are largely consistent with the results of other
studies that investigated the roles of PI3K/Akt and VEGF in
other types of cancers, particularly epithelial cancers.

In conclusion, our data suggest that pAkt is an indepen-
dent prognostic marker for colon cancer patients. Further
large-scale and long-term follow-up studies may be useful in
comfirming the prognostic value of pAkt for colon cancer.
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