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Clinical implications of PTEN and VEGF expression status, as
well as microvessel density in esophageal squamous cell carcinoma
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Abstract. There are limitations to the use of single biomarker
levels, for example phosphate and tensin homology (PTEN) or
vascular endothelial growth factor (VEGF), in the diagnosis
of esophageal squamous cell carcinoma (ESCC). The present
study therefore aimed to evaluate the clinical implications of
combined detection of multiple biomarkers. The associations
between PTEN and VEGF expression status, microvessel
density (MVD), and the pathological characteristics of
50 patients with ESCC were determined using %2, analysis of
variance, and t-tests. The results indicated that the PTEN-posi-
tive rate was negatively correlated with ESCC histological
grade (P<0.01), depth of ESCC invasion (P<0.01) and lymph
node metastasis status. Furthermore, the VEGF-positive rate
was correlated with lymph node metastasis status, while MVD
was correlated with the depth of ESCC invasion (P<0.01) and
lymph node metastasis status (P<0.05). The PTEN-positive
rate was negatively correlated with the VEGF-positive rate.
A higher MVD was identified in ESCC samples than that of
the normal esophageal mucosa, particularly in VEGF-positive
ESCC specimens compared with those of VEGF-negative
specimens, and PTEN-negative ESCC specimens compared
with that of the PTEN-positive ESCC specimens. These
results suggested that combined detection of PTEN and VEGF
levels, as well as evaluation of MVD in patients with ESCC
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may provide essential information for improvements in the
diagnosis and prognosis of ESCC.

Introduction

Esophageal squamous cell carcinoma (ESCC) is ranked as the
sixth leading cause of cancer-associated mortality worldwide,
and is prevalent and particularly common in Asia (1). Although
significant progress has been made in the development of
surgical and adjuvant chemoradiotherapeutic techniques, the
diagnosis and prognosis of patients with ESCC has remained
poor. Investigations into alterations in the levels of specific
proteins that occur in this cancer may provide clues to indicate
novel biomarkers, required in order to improve diagnosis and
guide targeted therapy.

Angiogenesis is required for tumor growth, and can be
quantified as the microvessel density (MVD), which has
become the morphological gold standard used to assess the
neovasculature of human tumors (2). Newly formed microves-
sels are able to be visualized by cluster of differentiation 31
(CD31) staining in endothelial cells (3). However, there are
disadvantages to this technique of angiogenesis detection,
including potential cross-reactions with plasma cells and loss
of antigens due to fixatives. Results using anti-CD31 antibody
alone may erroneously indicate MVD in the diagnosis and
prognosis of human tumors (2).

Vascular endothelial growth factor (VEGF) is an angio-
genic factor that promotes the proliferation and migration
of endothelial cells, enhances the permeability of blood
vessels, reduces apoptosis of endothelial cells and promotes
stromal proteolysis (4). VEGF therefore has a critical role in
angiogenesis in numerous solid malignancies. The effect of
VEGF on progression and recurrence of esophageal cancer
has previously been investigated (5); however, the association
between VEGF overexpression and the prognosis of patients
with ESCC remains controversial.

Phosphate and tensin homology (PTEN) is a phosphatase
with dual-specificity for proteins and lipids, which inhibits cell
migration, spreading and focal adhesions (6). Studies of certain
cancer cell lines have suggested that PTEN dysregulation
may be involved in almost all types of cancer, including solid
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tumors and hematological malignancies (7-9). A study revealed
that decreased levels of PTEN were correlated with tumor
differentiation, infiltration depth and pTNM staging (10). The
5-year survival rate of patients with PTEN-positive ESCC was
significantly higher than that of patients with PTEN-negative
ESCC (10). This suggested that PTEN may have a significant
role in carcinogenesis and the progression of ESCC, and there-
fore, may have significant clinical implications.

Analysis of a single protein biomarker is insufficient for
accurate prediction of clinical outcome. CD31, PTEN and
VEGEF are functionally distinct molecules and may underlie
various mechanisms in the pathogenesis and progression of
specific types of cancer. The objective of the present study was
therefore to investigate the clinical implications of PTEN and
VEGEF expression status and MVD, as well as their associa-
tions in ESCC, in order to provide insight into the development
of techniques for the diagnosis and prognosis of ESCC. The
PTEN and VEGEF levels and MVD were determined in ESCC
tumor and normal specimens from patients using immunohis-
tological staining.

Materials and methods

Patients and specimens. The Institutional Review Board of
Rizhao People's Hospital (Rizhao, China) approved the present
study, and all participants provided written informed consent.
The study included 50 patients with ESCC (31 male,
19 female; aged 57.45+7.53 years; age range, 30-75 years) who
underwent esophagectomy at the First Affiliated Hospital of
Southern Medical University (Guangzhou, China) or Rizhao
People's Hospital between January 2009 and January 2014.
None of the patients had received radiotherapy or chemo-
therapy prior to surgery. ESCC specimens and adjacent normal
mucosa were collected via gastrointestinal endoscopic biopsy.
ESCC specimens were confirmed by tumor histopathology,
with screening and evaluation conducted by two experienced
pathologists blinded to the clinical information. Normal
specimens were collected from the distal normal mucosa.
Within 30 min of surgery, each specimen was divided into two
sections: One was flash-frozen in liquid nitrogen and stored at
-80°C, while the other was stored in 4% buffered formamide
(Laiyang Fine Chemical Factory, Laiyang, China). Specimens
stored in 4% buffered formamide were used for standard clini-
copathological diagnosis and immunohistological staining.

Immunohistological staining. All materials were purchased
from Fuzhou Maixin Biotechnology Development Co.,
Ltd. (Fuzhou, China), unless otherwise stated. The PTEN
and VEGF levels, as well as the presence of CD31 was
detected by immunohistochemistry using an Ultrasensitive
S-P kit, in accordance with the manufacturer's instructions.
Briefly, specimen slices were dewaxed and then incubated
in 3% hydrogen peroxide for 30 min at room temperature
to block endogenous peroxidase activity. Following rinsing
with phosphate-buffered saline (PBS; batch no. 14122303)
and incubation in citrate buffer (10 mM, pH 6.0; batch
no. 14073001) at 95°C for 20 min, slices were blocked with
rabbit serum for 30 min. The slices were then incubated with
biotin-conjugated primary antibodies [monoclonal anti-PTEN
(cat. no. MAB-0369), anti-VEGF (cat. no. MAB-0243) or
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anti-CD31 (cat. no. MAB-0031), all 1:100) at 4°C overnight,
prior to incubation with horseradish peroxidase-labeled
streptavidin (1:50) at 37°C for 30 min. After rinsing with PBS,
diaminobenzidine (batch no. 1409030031) was added and the
sections were washed with tap water. Subsequently, the slices
were processed sequentially with hematoxylin (Shanghai Ruji
Biotechnology Development Co., Ltd., Shanghai, China),
alcohol dehydration and xylene (Shanghai Aibi Chemistry
Preparation Co., Ltd, Shanghai, China). Finally, the slices were
mounted on slides and sealed with neutral balsam resin (Gene-
tech Co., Ltd., Shanghai, China).

Breast cancer tissues known to express PTEN and colon
cancer tissues known to express VEGF were prepared by
histologists in the Department of Histology, Rizhao People's
Hospital. These were used as references for PTEN and VEGF
expression, respectively.

Determination of PTEN-and VEGF-positivity, and MVD.
Following immunohistological staining with anti-PTEN anti-
body, brownish-yellow or light yellow granules in the cytoplasm
or nuclei of cells were considered to indicate PTEN expression.
Using an Olympus CH30 microscope (Olympus Corporation,
Tokyo, Japan), ten microscopic fields (magnification, x400)
were randomly selected and >1,000 cells were counted for each
specimen. If <10% of cells expressed PTEN, the specimen was
scored as PTEN-negative. If 11-100% of the cells expressed
PTEN, the specimen was scored as PTEN-positive.

For specimens stained with anti-VEGF antibody,
brownish-yellow granules in the cytoplasm or cytoplasmic
membrane of cells were considered indicative of VEGF
expression. If <50% of cells contained VEGF, the specimen
was scored as VEGF-negative, whereas if 51-100% of cells
contained VEGF, the specimen was scored as VEGF-positive.

MVD was determined in accordance with a previously
published method (4). The microvessels were identified
by immunohistological staining for CD31. The number of
microvessels was counted in three randomly selected micro-
scopic fields in the vascular areas (magnification, x400), and
the mean was calculated.

Statistical analysis. The y? test, one-way analysis of variance
and Student's t-test were used to evaluate data. P<0.05 was
considered to indicate a statistically significant difference for
all tests. All statistical analyses were performed using SPSS
18.0 (SPSS, Inc., Chicago, IL, USA).

Results

Histopathological characteristics of ESCC. The ESCC tumors
were classified based on pathological characteristics. According
to the differentiation status (11), each ESCC specimen was
assigned one of three grades: 19 cases were well differentiated
(Grade I), 17 cases were moderately differentiated (Grade II)
and 14 cases were poorly differentiated (Grade III). ESCC
specimens were also divided by depth of invasion: 15 cases
were classified as level I, in which the tumor was found in
the mucosa, submucosa or superficial muscle; while 35 cases
were level II, in which the tumor was in the deep muscular or
outer layer. A total of 19 cases were positive for metastasis,
where tumors were identified in the esophageal lymph nodes
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Table I. Association between PTEN status, VEGF status, MVD and ESCC.
A, PTEN expression
Specimen type Cases, n Negative, n Positive, n Positive rate, % x> P-value
Normal 50 0 50 100 27.8701 <0.0000
ESCC 50 23 27 54
B, VEGEF expression
Specimen type Cases, n Negative, n Positive, n Positive rate, % ¥ P-value
Normal 45 45 0 47.6557 <0.0000
ESCC 50 16 34 68
C,MVD
Specimen type Cases, n MVD/microscopic field, mean + SD t-value® P-value
Normal 47 22.75+8.82 8.2205 <0.0000
ESCC 50 37.82+9.21

x* values indicate the correlation between positive and negative expression for specimen type; t-values indicate the association between
the specimen type and MVD/microscopic field. “Determined by performing Student's t-test. PTEN, phosphate and tensin homology; VEGF,
vascular and endothelial growth factor; MVD, microvascular density; ESCC, esophageal squamous cell carcinoma; SD, standard deviation.

Figure 2. Expression status of vascular endothelial growth factor in (A) normal specimens and (B) esophageal tumor (magnification, x400).

of the ESCC specimens. No tumors were detected in the
esophageal lymph nodes of the remaining 31 specimens (the
metastasis-negative group).

MVD and PTEN/VEGF expression in ESCC and normal
specimens. To determine differences in the MVD, as well

as PTEN and VEGF expression status between ESCC and
normal tissue specimens, an immunohistological staining
assay using anti-CD31, anti-PTEN and anti-VEGF antibodies,
respectively, was performed (Figs. 1-3).

The positive or negative status of PTEN and VEGF expres-
sion in the specimens was determined by the percentage of
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Table II. Associations between PTEN status, VEGF status and MVD, and histological characteristics of ESCC.

A, PTEN expression

Histological characteristic Cases, n PTEN - PTEN + Positive rate, % e P-value
Differentiation grade
I 19 4 15 78.9 11.4693 0.0032
I 17 10 7 412
I 14 11 3 214
Depth of invasion
Level I 15 3 12 80.0 6.7308 0.0095
Level I 35 21 14 40.0
Lymph node metastasis
Positive 19 13 10 31.6 6.2019 0.0128
Negative 31 6 21 67.7
B, VEGF expression
Histological characteristic Cases, n VEGF - VEGF + Positive rate, % N P-value
Differentiation grade
I 19 9 10 52.6 2.3596 0.3073
I 17 6 11 64.7
I 14 3 11 78.6
Depth of invasion
Level 15 7 8 533 1.0582 0.3036
Level II 35 11 24 68.6
Lymph node metastasis
Positive 19 3 16 84.2 5.4329 0.0198
Negative 31 15 16 51.6
C,MVD
Histological characteristic Cases, n MVD/microscopic field, mean + SD F-value® P-value
Differentiation grade
I 19 32.5319.64 2.6800 0.0788
I 17 35.35+8.75
I 14 40.26+10.16
Depth of invasion
Level 15 30.52+8.54 3.8255 0.0004
Level IT 35 42.35+10.57
Lymph node metastasis
Positive 19 46.57+5.62 7.3763 <0.0000
Negative 31 35.76+4.64

y* values indicate correlation between positive and negative expression for each characteristic; t-values indicate the association between each
histological characteristic and MVD/miscroscopic field. ‘F-values were determined by one-way analysis of variance. PTEN, phosphate and
tensin homology; VEGEF, vascular endothlial growth factor; MVD, microvascular density.

cells that were positively stained (Table I). Of the 50 ESCC A total of 34 cases of ESCC were VEGF-positive,
specimens, 27 and 23 cases were PTEN-positive and -nega-  while none of the normal esophageal mucosa samples were
tive, respectively, while all normal healthy specimens were =~ VEGF-positive. The MVD was significantly higher in ESCC
PTEN-positive. tissues (37.82+9.21/microscopic field) than that of the normal
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Figure 3. Microvascular density in esophageal squamous cell carcinoma at (A) magnification, x100 and (B) x400.

esophageal mucosa (22.75+8.82/microscopic field; P<0.01).
These results suggested that the expression of PTEN was
significantly decreased, while VEGF expression and MVD
were significantly increased in ESCC, compared with that of
the normal specimens. Therefore, PTEN and VEGEF levels
and the MVD may be clinically implicated in ESCC.

To determine whether PTEN and VEGF levels and MVD
were associated with ESCC, a y? test was performed. The
results indicated that PTEN-negative status, VEGF-positive
status and greater MVD were significantly correlated with
ESCC (Table I). These results suggested that a low percentage
of cells staining positive for PTEN, a high percentage
staining positive for VEGF and high MVD may be used in
the diagnosis of ESCC.

Association between PTEN status, VEGF status, MVD and
clinicopathological characteristics of ESCC. To determine
whether PTEN and VEGF levels and MVD were associ-
ated with histological grades of ESCC, a y” test was used to
examine the correlation between PTEN and VEGF expres-
sion status, the MVD, and the differentiation status of ESCC.
PTEN-positive status was found to be negatively corre-
lated with the histological grade of ESCC (P<0.01), while
VEGF-positive status and MVD were not correlated with the
histological grade of ESCC (P>0.05; Table II). The results
suggested that loss of PTEN expression may be an indicator
of differentiation status, carcinogenesis and progression of
ESCC.

To determine whether levels of PTEN and VEGF and
MVD may be used to predict the depth of ESCC invasion, a *
test was performed to examine correlation between the levels
of PTEN and VEGF, and MVD, and the depth of ESCC inva-
sion (Table II). The results indicated that a PTEN-positive
status was negatively correlated with depth of ESCC invasion
(P<0.01), while VEGF-positive status exhibited no correla-
tion and MVD was positively correlated with depth of ESCC
invasion (P<0.001). These results suggested that decreased
PTEN expression and increased MVD, but not VEGF, were
indicators of ESCC invasion.

To determine whether PTEN status, VEGF status,
and MVD were viable indicators for predicting metastasis
of ESCC, a y’ test was used to examine the correlation
between PTEN status, VEGF status and MVD, and the
lymph node metastasis status of ESCC. The results indicated
that PTEN-negative and VEGF-positive status, and higher
MVD were correlated with lymph node metastasis of ESCC
specimens (P<0.05; Table II). These results suggested that
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Table III. Association between PTEN and VEGF status.
VEGF
+ - y P-value
PTEN
+ 12 15 14.9670 0.0001
- 22 1

PTEN, phosphate and tensin homology; VEGF, vascular and endo-
thelial growth factor; MVD.

Table IV. Association of PTEN-negative status and
VEGF-positive status with high MVD.
MVD t-value P-value
PTEN
+ 33.58+8.92 3.3145 0.0018
- 42.39+9.87
VEGF
+ 42.53+8.57 4.1084 0.0002
- 32.25+7.51

PTEN, phosphate and tensin homology; VEGF, vascular and endo-
thelial growth factor; MVD, microvascular density.

decreased PTEN levels and increased VEGF and MVD were
indicators of metastasis in ESCC.

Association between PTEN status, VEGF status and MVD
in ESCC. To determine whether PTEN levels were associ-
ated with VEGF levels in ESCC, a y* test was performed
(Table IIT). The results revealed that the PTEN expression
profile was negatively correlated with the VEGF expression
profile (P<0.01; Table IT). Subsequently, to determine whether
MVD was associated with the levels of PTEN and VEGF in
ESCC, a t-test was conducted. The results indicated that the
MVD was significantly lower in PTEN-positive ESCC speci-
mens than in PTEN-negative ESCC specimens (P=0.0018),
while MVD was significantly higher in VEGF-positive
ESCC specimens than in VEGF-negative ESCC specimens
(P=0.0002; Table I'V). These results suggested that decreased
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PTEN expression, increased VEGF expression, and high
MVD are associated in ESCC.

Discussion

The analysis of a single protein biomarker is insufficient for
adequate and accurate diagnosis and prognosis of ESCC.
However, the examination of multiple biomarker proteins may
provide more accurate information. In the current study, the
expression profiles of PTEN and VEGEF, and the MVD were
investigated in ESCC and normal specimens. Of MVD and
expression statuses of PTEN and VEGF, only PTEN expres-
sion was found to negatively correlate with the histological
grade of ESCC. PTEN expression and MVD were correlated
with the depth of ESCC invasion, while PTEN expression,
VEGEF expression and MVD were correlated with the lymph
node metastasis status of ESCC specimens. Furthermore, it
was demonstrated that the expression of PTEN was negatively
correlated with the expression of VEGF, while a higher MVD
was associated with higher VEGF and lower PTEN expres-
sion. Therefore, it was concluded that examination of MVD
and the expression status of PTEN and VEGF may provide
improved information for the diagnosis and prognosis of
ESCC.

Angiogenesis is required for tumor growth and metas-
tasis (12), and may be evaluated by staining endothelial cell
markers CD31 and CD34 (13,14). This method has previously
been applied for the determination of the role of the neovas-
culature in extrahepatic cholangiocarcinoma (4) and Dukes' B
colon cancer (15). These studies demonstrate the significant
effects of vascularization on the survival of patients with
extrahepatic cholangiocarcinoma and Dukes B colon cancer.
In the current study, it was revealed that MVD was corre-
lated with the depth of invasion and lymph node metastasis
of ESCC. Therefore, determination of MVD may facilitate
prediction of the depth of invasion and lymph node metastasis
of ESCC.

VEGF is an angiogenic factor, which promotes prolifera-
tion and migration of endothelial cells, enhances permeability
of blood vessels, reduces apoptosis of endothelial cells and
increases stromal proteolysis (16). Studies have indicated
that VEGF has a crucial role in angiogenesis in various solid
malignancies. VEGF-C is lymphangiogenic, and is able to
selectively induce hyperplasia of the lymphatic vasculature.
VEGE-C expression is correlated with lymph node metastasis
and poor prognosis in esophageal cancer (17-19). Furthermore,
in patients with esophageal tumors, the expression of VEGF-C
has been shown to be an effective diagnostic factor for deter-
mining metastasis of lymph nodes (17-19). In a meta-analysis,
elevated VEGF expression was shown to be associated with
poor survival in patients with esophageal cancer (20). Inhibi-
tion of VEGF-induced angiogenesis suppresses tumor growth
invivo (21). The results of these studies support the hypothesis
of a role for VEGF expression as an indicator for predicting
poor survival in patients with esophageal carcinoma, and
may have implications for treatments directed at inhibiting
VEGF-mediated angiogenesis. In the current study, it was
demonstrated that upregulation of VEGF protein expression
was associated with increased MVD in ESCC. Furthermore,
VEGEF expression was correlated with lymph node metastasis,
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but not with differentiation status or depth of invasion. There-
fore, VEGF expression may be a predictor of risk for lymph
node metastasis in esophageal cancer.

PTEN is a phosphatase with dual-specificity for protein
and lipids. The PTEN gene has an important role in cell
proliferation, differentiation and apoptosis. Studies conducted
in certain cancer cell lines indicated that the loss of PTEN
expression may underlie almost all types of cancer, including
solid tumors and hematological malignancies. For example, the
loss of PTEN promotes tumorigenesis of breast tumors (22).
In the present study, decreased PTEN expression was found
to be correlated with differentiation status of ESCC. This is
consistent with the results of several previous studies (6-8).
Therefore, PTEN is likely involved in the tumorigenesis and
progression of ESCC.

In addition to correlation with differentiation status,
decreased PTEN expression was also correlated with depth of
invasion and lymph node metastasis of ESCC. Studies have
previously suggested that PTEN may regulate interactions
between cells and the extracellular matrix by interacting with
focal adhesion kinase (FAK) and thereby reducing tyrosine
phosphorylation. Therefore, PTEN inhibits cell migration,
spreading and focal adhesion. Reduced PTEN expression may
regulate integrin-mediated adhesion through dephosphory-
lation of FAK and increased cell spreading (5). PTEN may
suppress cell adhesion to the extracellular matrix through its
serine/threonine phosphatase role, for example, as a negative
regulator of the formation of stable HT-29 cell adhesion to the
extracellular matrix (23). Decreased PTEN expression has
roles in the tumorigenesis, progression, growth, differentiation
and angiogenesis of gastric cancer, likely via inhibition of the
expression of caspase-3 in tumor cells (24). In prostate basal
cells, conditionally-ablated PTEN enhances basal-to-luminal
differentiation and induces invasive prostate cancer in
mice (25). Hypermethylation of PTEN may inhibit the expres-
sion of PTEN, and PTEN hypermethylation was found to
be associated with ESCC in Chinese Kazakh patients (26).
Therefore, PTEN may be involved in the regulation of cell
growth, tumor invasion, metastasis and angiogenesis.

The regulation of PTEN and VEGF expression in ESCC
appears to occur via two distinct processes. However, these
factors exert opposite effects on angiogenesis in tumors. PTEN
functions as a tumor suppressor gene and inhibits the forma-
tion of blood vessels in tumors, while VEGF promotes tumor
vascularization. Akt is a serine/threonine kinase involved in
cell growth and survival. Activation of Akt requires phospha-
tidylinositol (3.4,5)-triphosphate (PIP3), a second messenger
in cells. PTEN dephosphorylates PIP3, thereby functioning
in opposition to phosphatidylinositol 3-kinase (PI3K), which
has a crucial role in the formation of PIP3. By blocking
Akt activation, PTEN regulates multiple cellular processes,
including cell cycling, translation and apoptosis (6). In addi-
tion, PI3K has a key role in angiogenesis and regulates VEGF
expression. Overexpression of PTEN or of dominant-negative
constructs of PI3K attenuates angiogenesis in the yolk sac of
chicken embryos, indicating that PI3K and Akt signaling is
required for normal embryonal angiogenesis (27). PTEN and
VEGEF function in the PI3K-PIP3-AKT network and are key
regulators of cell growth in multiple pathways (28). Studies
have demonstrated that inactivation of the PTEN gene and
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overexpression of VEGF, contribute to the neovascularisation
and progression of gastric cancer (29). Angiogenesis due to
decreased PTEN expression may be attributed to the corre-
sponding upregulation of VEGF levels. In the current study, it
was demonstrated that a reduction or loss of PTEN expression
was correlated with elevated VEGF protein levels in ESCC.
Therefore, PTEN and VEGF are interrelated indicators of
ESCC. The specific mechanisms underlying PTEN and VEGF
interaction remain to be elucidated.

In conclusion, PTEN/VEGF expression status and MVD
are differentially associated with characteristics of ESCC.
The differentiation status of ESCC may be determined by
decreased PTEN expression, while invasion of ESCC is likely
associated with decreased PTEN expression levels and higher
MVD. Metastasis of ESCC is associated with decreased
PTEN expression levels, enhanced VEGF expression levels
and higher MVD. Combined detection of PTEN and VEGF
expression levels and MVD may provide information essential
for improvements in the diagnosis and prognosis of ESCC.
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