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Abstract

AIM: To investigate the expression of vascular endothelial
growth factor (VEGF) and calcium-binding protein
S100A4 in pancreatic cancer and their relationship to the
clinicopathological parameters and prognosis of pancreatic
cancer.

METHODS: Expression status of VEGF and S100A4
was examined in 62 surgical specimens of primary
pancreatic cancer by immunohistochemistry. Correlation
between the expression of VEGF and S100A4 and
clinicopathological parameters was analyzed.

RESULTS: Thirty-eight of 62 (61.3%) specimens of
primary pancreatic cancer were positive for S100A4.
Thirty-seven (59.7%) specimens showed positive
expression of VEGF. The positive correlation between
S100A4 and VEGF expression was significant in cancer
tissues (P < 0.001). S100A4 expression was significantly
correlated with tumor size, TNM stage and poorer
prognosis. VEGF expression had a significant correlation
with poorer prognosis. The prognosis of 17 S100A4- and
VEGF-negative cancer patients was significantly better
than that of other patients (P < 0.05). Distant metastasis
(P = 0.001), S100A4- (P = 0.008) and VEGF-positive
expression (P = 0.016) were significantly independent
prognostic predictors (P < 0.05).

CONCLUSION: Over-expression of S100A4 and VEGF
plays an important role in the development of pancreatic
cancer. Combined examination of the two molecules
might be useful in evaluating the outcome of patients
with pancreatic cancer.
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INTRODUCTION

Each year there are more than 170000 new cases of
pancreatic cancer in the world. Pancreatic cancer accounts
for up to 2.1% of all cancer cases and is the 5th leading
cause of cancer death. The survival rate of patients at all
stages of the disease is poor. The overall median survival
time is 3-5 mo with a 12 mo-survival rate of 10% and a
5-year survival rate less than 5%!". Because of lacking of
methods for the early diagnosis and limited knowledge on
the biological features of pancreatic cancer, the majority
of patients are not diagnosed propetly until the advanced
stage B,

The S100 protein family is a large family of soluble
calcium-binding proteins, first isolated from bovine brain
by Moore in 1965". The $100 family members are involved
in a variety of physiological functions, such as cell motility,
cell proliferation and differentiation, cell cycle control,
regulation of enzyme activity, and calcium-dependent
transcriptional regulationH’?J. The S100A4 protein, which
was once named as mtsl or p9Ka, belongs to the S100
family and is classified as a ‘metastasis-related gene’m. It was
reported that over-expression of S100A4 is significantly
correlated with tumor invasion and metastasis” ', A
number of studies suggested that over-expression of
S100A4 is correlated with poor clinical outcomes in a
variety of human cancers, such as bladder, colorectal,
ovarian, and esophageal carcinoma'”". VEGF plays
an important role in tumor angiogenesis and correlates
significantly with tumor invasion and metastasis'’. Elevated
levels of VEGF correlate with a poor prognosis of various
cancers, including pancreatic cancer! ™",

This study was to examine the expression status of
S100A4 and VEGF in 62 surgical specimens of primary
pancreatic carcinoma by immunohistochemistry and
study the role of these two molecules in progression and
metastasis of pancreatic cancer.
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MATERIALS AND METHODS

Specimens

Specimens obtained from 62 patients (36 males, 26 females)
with primary pancreatic cancer admitted to Department
of Surgery, 6th Affiliated Hospital of Shanghai Jiaotong
University in 2002-2005, were formalin-fixed and paraffin-
embedded. The age of these patients ranged 30-84 years
(mean age of 64.8 years). All cases were diagnosed as
primary pancreatic ductal adenocarcinoma by histopathology
(well differentiated in 17 cases, moderately differentiated in
15 cases, and pootly differentiated in 30 cases). No patient
received any radiotherapy or chemotherapy. The size of
tumor was analyzed by maximum diameter. The patients
were staged according to the international TNM system by
International Union against Cancer (UICC).

Immunohistochemistry and evaluation criteria

Rabbit anti-human S100A4 polyclonal antibody and mouse
anti-human VEGF monoclonal antibody were purchased
from NeoMarkers. Two consecutive sections of each
specimen were incubated. Immunohistochemistry staining
was performed according to the manufacture’s instructions.
The tissue used as a negative control was incubated with
PBS instead of primary antibody. The tissue known to
highly express VEGF and S100A4 was used as positive
control.

For each slide, cells positive for VEGF or S100A4
were counted and evaluated under 5-10 fields at 200 X
magnification (cells counted: 100-200), and the percentage
of positive cells was calculated. Cells were considered
positively immune stained when nuclei and cytoplasm were
stained. The distribution of stained S100A4 was evaluated
with the percentage of stained cells scored as 0: < 5%, 1:
5%-25%, 2: 26%-50%, 3: 51%-75%, 4: > 75% and staining
intensity scored as 1: buff, 2: buffy, 3: puce. When the
multiplication of the two scores was greater than or equal
to 2, ST00A4 was considered positively stained. VEGF was
considered positively stained when brown-stained granulae
were observed in cytoplasm and the percentage of positive
cells was greater than 10%.

Statistical analysis

The correlation between S100A4/VEGF expression and
clinicopathological parameters was evaluated by chi-square
(XZ) test or Fisher’s exact test. Survival curves were plotted
using the Kaplan-Meier method. Survival rates for different
groups were compared using the log-rank test. Predictors
for prognosis of the patients were assessed using Cox
multiple hazards regression analysis. Statistical analysis was
carried out using the SPSS 13.0. P < 0.05 was considered
statistically significant.

RESULTS
Expression of S100A4 and VEGF

S100A4 was immunoreactive in cytoplasm and nuclei
(Figure 1A). VEGF was immunoreactive mainly in
cytoplasm (Figure 1B). Of the 62 pancreatic cancer patients,
38 (61.3%) had positive ST00A4 expression and 24 (38.7%)
negative S100A4 expression. Thirty of the 38 (78.9%)
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Figure 1 Positive expression of S100A4 (A) and VEGF (B) in pancreatic cancer
(x 200).

VEGF
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Significance was estimated with y” test.

patients with positive SI00A4 expression had positive
VEGF expression. Seventeen of the 24 (70.8%) S100A4-
negative patients had negative VEGF expression. The
positive correlation between expression of S100A4 and
VEGEF was statistically significant (P < 0.0001) (Table 1).

The correlation between S100A4/VEGF express-
ion and clinicopathological parameters was analyzed
(Tables 2-3). Tumors with their maximum diameter greater
than 4 cm had a higher ST00A4 expression than those with
their maximum diameter less than 4 cm. Tumors at I +
IV stage had a higher SI00A4 expression than those at [
+ I stage. The correlation between S100A4 expression
and tumor size and TNM stage was statistically significant.
VEGF expression was not significantly related with the
clinicopathological parameters.

Correlation between expression of S100A4 and VEGF and
prognosis of patients
The 62 patients were followed up till December 2006 and
their median survival time was 290.6 d. The 1-, 2-, and 3-
year survival rate was 37%, 14%, and 7%, respectively. The
median survival time of the S100A4 positive and negative
patients was 232.8 d and 535.5 d, respectively, while the
median survival time of the VFGF positive and negative
patients was 229.7 d and 541.6 d, respectively. The survival
curve was better for patients with S100A4-negative cancer
than for those with S100A4-positive cancer (P < 0.001; log-
rank test) (Figure 2A). The survival curve was better for
patients with VEGF-negative cancer than for those with
VEGT positive cancer (P < 0.001; log-rank test) (Figure 2B).
According to the expression of S100A4 and VEGE,
pancreatic cancer patients were subdivided into four groups:
(1) S100A4(+)/VEGEFE(+), (2) S100A4(+)/VEGE(-), (3)
S100A4(-)/VEGF(+), (4) S100A4(-)/VEGEF(-). Patients
in the S100A4(-)/VEGF(-) group had a significantly



Ai KX et a/. Prognostic significance of S100A4 and VEGF expression in pancreatic cancer 1933

Clinicopathological $100A4 expression
parameters Cases (n) Positive Negative el
Age (y1)

=70 24 15 (62.5) 9 (37.5)

<70 38 23 (60.5) 15(39.5) > 0.05'
Gender

Male 36 22 (61.9) 14 (38.1)

Female 26 16 (61.5) 10 (38.5) > 0.05'
Differentiation

Well 17 12 (70.6) 5 (29.4)

Moderately 15 9 (60.0) 6 (40.0)

Poorly 30 17 (56.7) 13 (43.3) >0.05'
Tumor size (cm)

<20 3 0(0) 3 (100)

2.0-4.0 38 21 (55.3) 17 (44.7)

>4.0 21 17 (81.0) 4(19.0) <0.05
Lymph node metastasis

) 13 5 (38.5) 8 (61.5)

) 49 33 (67.3) 16 (32.7)  >0.05'
Distant metastasis

) 39 23 (59.0) 16 (41.0)

+) 23 15 (65.2) §(34.8) >0.05
TNM stage

[ +1 30 14 (46.7) 16 (53.3)

M+ IV 32 24 (75.0) 8(25.0) <0.05'

'Significance was estimated with x” test; *Significance was estimated with
Fisher’s exact test.

Clinicopathological VEGF expression

parameters Cases (n) Positive Negative el
Age (ym)

=70 24 17 (70.8) 7(29.2)

<70 38 20 (52.6) 18 (47.4) >0.05
Gender

Male 36 24 (66.7) 12 (33.3)

Female 26 13 (50) 13 (50) >0.05
Differentiation

Well 17 10 (58.8) 7 (41.2)

Moderately 15 8(53.3) 7 (46.7)

Poorly 30 19 (63.3) 11 (36.7) >0.05
Tumor size (cm)

<20 3 2 (66.7) 1(33.3)

2.0-4.0 38 21 (55.3) 17 (44.7)

>4.0 21 14 (66.7) 7 (33.3) >0.05
Lymph node metastasis

O] 13 7 (53.8) 6 (46.2)

) 49 30 (61.2) 19 (38.8) >0.05
Distant metastasis

O] 39 24 (61.5) 15 (38.5)

+) 23 13 (56.5) 10 (43.5) >0.05
TNM stage

I+1 30 17 (56.7) 13 (43.3)

I +1v 32 20 (62.5) 12 (37.5) >0.05

Significance was estimated with y” test.

better prognosis than those in the other three groups,
and their median survival time was 678 d. Patients in the
S100A4(+)/VEGF(-) group had a poorer prognosis than
those in the S100A4(-)/VEGF(+) and S100A4(-)/VEGF(-)
groups (P < 0.05; log-rank test). However, there was no
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Figure 2 Survival curves for group of pancreatic cancer patients according to
S100A4 expression (A), group of pancreatic cancer patients according to VEGF
expression (B), and four subgroups of pancreatic cancer patients according to the
expression of S100A4 and VEGF (C).

significant difference between the S100A4(+)/VEGF(-) and
S100A4(+)/VEGF(-) groups (Figutre 2C).

The prognostic value of following parameters was
analyzed, including age, differentiation of tumor, size of
tumor, lymph node metastasis, distant metastasis, TINM
stage and expression of S100A4 and VEGE. The influence
of these parameters was evaluated by the Cox proportional
hazards model. The results of these analyses showed that
distant metastasis, expression of S100A4 and VEGF were
significant independent prognostic predictors (Table 4).

DISCUSSION

In this study, the expression of S100A4 and VEGF was
evaluated in relation to the clinicopathological parameters
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B SE Wald df P value
Distant metastasis 1.101 0.345 10.163 1
S100A4 0.893 0.338 6.989 1
VEGF 0.821 0.340 5815 1

OR (95% CI)

0.001 3.006 (1.528, 5.914)
0.008 2.443 (1.260, 4.736)
0.016 2.272 (1.166, 4.426)

of pancreatic cancer. Of the 62 pancreatic cancers patients,
61.3% were positive for ST00A4 expression. Pancreatic
cancer with a large size and high TNM stage had a higher
S100A4 expression. Over-expression of S100A4 was
significantly correlated with tumor size, TNM stage and a
poor prognosis. These results suggest that over-expression
of S100A4 might enhance cell motility and invasiveness.

It was reported that expression of S100A4 is signifi-
cantly correlated with lymph node metastasis in several
types of cancer, such as breast, colorectal, stomach, lung,
and thyroid carcinoma'” ™. Our results show that positive
S100A4 expression was higher in patients with lymph
node metastasis than in patients without lymph node
metastasis. However, there was no significant difference
in S100A4 expression between the two groups, suggesting
that expression of S100A4 is not closely related to lymph
node metastasis. Further study is needed to confirm our
findings.

S100A4 protein may modulate cell cycle, cell motility,
invasiveness and adhesion. In cancer cells, ST00A4
protein regulates protein kinase C phosphorylation of
the heavy chain of nonmuscle myosin in a calcium-
dependent manner, resulting in enhanced cell motility and
invasiveness”**. Merzak e# /™ reported that expression
of S100A4 is closely correlated with 7 vitro invasiveness of
glioma cells. Moreover, increased levels of S100A4 confer
metastasis of non-metastatic epithelial cell line i vivd”?,
Ambartsumian ef a/>” reported that ST00A4 induces tumor
progression by stimulating angiogenesis. All these findings
demonstrate that ST00A4 plays an important role in tumor
growth, invasion, metastasis and angiogenesis.

VEGTF is a mitogen and motor of vascular endothelial
cells and also and important factor for angiogenesis. It can
induce proliferation and migration of vascular endothelial
cells, and formation of blood capillary lumens. VEGF
increases vascular permeability and stimulates vascular
endothelial cells to secret proteinase and small molecules.
In 1993, Brown ef al™” firstly reported the high expression
of VEGTF in pancreatic cancer specimens, which is closely
correlated with the growth and invasion of pancreatic
cancer. In our study, SI00A4 and VEGF expression in
pancreatic cancer was detected, showing that expression of
S100A4 and VEGTF is closely correlated. The mechanism
of S100A4 and VEGF expression and their relationship
with the development and progression of pancreatic
cancer deserve further study at molecular level.

In conclusion, expression of S100A4(-)/VEGF(-)
cancer can be used as a marker to predict the survival of
patients. Distant metastasis, positive SI00A4 and VEG
are highly independent prognostic predictors. Expression
of S100A4 and VEGF can be used as an indicator of
prognosis in patients with pancreatic cancer. Exploitation
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and application of S100A4- or VEGF-targeted tumor
inhibitors can decrease the recurrence or metastasis rate of
pancreatic cancer and improve the prognosis of patients.
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