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Abstract Vasiformation is essential for the growth and
metastasis of tumor. Vascular endothelial growth factor
(VEGF) and connexin43 (Cx43) are important regulatory
factors of vasiformation. This study aimed to find out the
expression features of VEGF and Cx43 and their signifi-
cance in pancreatic cancer. The expression levels of VEGF
and Cx43 protein in the samples, which came from 100
patients of human pancreatic cancer tissues and adjacent
normal pancreatic tissues, were examined by using immu-
nohistochemical streptavidin—peroxidase (S—P) method,
Western-blotting, and RT-PCR analyses. Compared with
adjacent normal pancreatic tissues, RT-PCR showed that
the expression of VEGF mRNA was significantly higher in
pancreatic cancer tissues (0.788 £ 0.290, P < 0.01) and
Cx43 mRNA was significantly lower in pancreatic cancer
tissues (0.403 £ 0.204, P < 0.01). The expression of VEGF
protein was higher in pancreatic cancer tissue (0.745 £
0.254, P < 0.01) by Western-blot, and Cx43 protein was
obviously lower in pancreatic cancer tissues (0.373 %+
0.164, P < 0.01). The immunohistochemical S—P method
showed as follows: the positive expression rate of VEGF
and Cx43 protein was 77 and 48% in pancreatic cancer
tissues and 15 and 100% in adjacent normal pancreatic tis-
sues; expressions of VEGF were related to tumor size, TNM
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stage, and lymph node metastasis (P < 0.05); there was a
close relation between the expression of Cx43 and histo-
logical grades, TNM stage, and lymph node metastasis
(P < 0.05). This present study suggests that VEGF is
overexpressed and the expression of Cx43 is lower in pan-
creatic cancer. The expression of VEGF and Cx43 is sig-
nificantly correlated with TNM stage and lymph node
metastasis. Furthermore, VEGF and Cx43 may play an
important role in the occurrence, development, and metas-
tasis of pancreatic cancer. To examine VEGF and Cx43 may
be of value in judging the malignancy degree and the
prognosis of pancreatic cancer.

Keywords Vascular endothelial growth factor -
Connexin43 - Pancreatic cancer

Introduction

At present, it is believed that vascularization and the
functional disorder of gap junctional intercellular com-
munication (GJIC) which is mediated by connexin (Cx) on
cytomembrane correlate with the occurrence, development
and metastasis of human tumor [1-4]. Vascular endothelial
growth factor (VEGF) plays an important role in the new
vascularization of tumor [5-7]. Many species of malignant
cells show up when their gap junction frameworks and
functions are descent or absence, expression of connexin43
(Cx43) is also descent [8, 9]. Studies of VEGF and Cx43
expression in pancreatic cancer tumor tissue are seldom
undertaken in recent years. We use immunohistochemical
streptavidin—peroxidase (S—P) method, Western blot, and
RT-PCR to detect the expression of VEGF and Cx43 in
100 patients with pancreatic cancer tissues and adjacent
normal pancreatic tissues.
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Methods
Material

From January 2004 to December 2008, one hundred
patients with pancreatic cancer tissues who had unabridged
case file were collected from the Department of Surgery in
Affiliated Hospital of Guangdong Medical College. All of
them were pathologic diagnosis and classified according to
“The Diagnosis and Treatment Criterion for Common
Cancer in China”, and none of the patients received che-
motherapy or radiotherapy before surgical therapy. All
specimens were stored at —196°C liquid nitrogen after
being collected. The control group was normal tissues that
parted from pancreatic cancer tissues about 5 cm. These
patients included 27 with poorly differentiated adenocar-
cinoma, 41 with moderately differentiated adenocarci-
noma, and 32 with well-differentiated adenocarcinoma.
Among these cases, 19 were stage I, 27 were stage 11, 34
were stage I11, and 20 were stage IV, 61 were male, and 39
were female. The range of age was 21-76 years with a
median age of 53. Mouse anti-human VEGF monoclonal
antibody and S-P kit were purchased from Fuzhou Maixin
Bio-tech Ltd, Fuzhou, China; Mouse anti-human Cx43
antibody was purchased from Wuhan Boster Bio-tech Ltd,
Wuhan, China. Trizol kit, one-step RT-PCR kit and
Western-blot relational kit were purchased from Invitrogen
Bio-tech Ltd USA, and TaKaRa Bio-tech Ltd, Dalian,
China, and Beyotime Bio-tech Ltd, Haimen, China.

RNA extraction and RT-PCR assay

The total RNA was extracted from pancreatic cancer tissue
and adjacent normal pancreatic tissue by using Trizol kit,
according to the manufacturer’s instruction. The concen-
tration of total RNA was assayed by spectrophotometry
(ODV = 1.826 and 1.910), and the integrity of RNA was
determined by agarose gel electrophoresis. Two micro-
grams of total RNA was reversely transcribed using AMV
reverse transcriptase. And the synthesis of cDNA was
amplified by PCR. f-Actin served as the internal reference.
The primers of VEGF, Cx43, and f-actin, which were
synthesized by TaKaRa Bio-tech Ltd (Dalian, China), were
shown in Table 1. The PCR conditions for VEGF and
Cx43 were 30 cycles of 94°C (2 min), 94°C (45 min),

55°C (45 min), and 72°C (1 min). The final extension was
at 72°C for 5 min. The internal reference was carried out in
the same system, and the conditions were similar to VEGF
and Cx43. The produces of RT-PCR were analyzed by
agarose gel electrophoresis (1.5%), scanned by ultraviolet
photometry (UVP), and their gray value was determined.
The relational expression level of VEGF and Cx43 mRNA
was calculated according to the proportionality of VEGF/
Cx43 and f-actin (gray value).

Immunohistochemistry detection and assay

All of the specimens were fixed using 10% formaldehyde.
Specimen sections were embedded by common paraffinum
and observed by hematoxylin and eosin staining (H&E).
Tumor histology was classified according to “The Inter-
national Classified Criterion for Pancreatic Cancer Histol-
ogy”. Serial sections of 4-5 um were prepared from the cut
surface of paraffin-embedded blocks. These sections sep-
arated paraffinum from water, and immunohistochemical
staining was carried out by the standard S—P technique, and
experimental procedure was conducted according to the
S—P kit specification. Using the known sections as the
positive substitution control and PBS-replaced primary
antibody as the negative control. To judge the expression
of VEGF and Cx43, cells whose cytomembrane and cyto-
plasm were dyed brown granula were regarded as positive
ones by light microscope, positive cells were less than 10%
of the whole visual field as negative response under high
power lens were considered as negative and more than 10%
as positive response.

Western-blot assay

The total protein extracted from pancreatic cancer tissues
and adjacent normal pancreatic tissues were prepared using
a lysis buffer. The protein concentration was detected by
Bradford procedure (Bio-Rad) and was subjected to SDS—
PAGE gel electrophoresis. After transferring to nitrocel-
lulose membranes for 1 h, the membranes were blocked
with 5% skimmed milk for 1 h. The membranes were
labeled with primary antibody (mouse anti-human Cx43
antibody, mouse anti-human VEGF antibody, and anti-f-
actin antibody) in suitable dilutions for 1 h at room

Table 1 Sequences of the primer sets used for amplification of VEGF, Cx43, and f-actin mRNA

Upstream primer sequence

Downstream primer sequence PCR size (bp)

VEGF 5'-CTTGCCTTGCTGCTCTAC-3'
Cx43 5'-TTCAAGCCTACTCAAGGC-3’
p-Actin 5'-AGCGGGAAATCGTGCGTGAC-3’

5'-CTATGTGCTGGCCTTGGT-3' 319
5'-CTTCCTTTCGCATCACAT-3' 270
5'-TGGAAGGTGGACAGCGAGGC-3' 445
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temperature or overnight at 4°C, washed and treated with
the HRP-conjugated secondary antibody (1:1,000 dilution)
for 1 h at 4°C and added Western eluant 3 times. The
protein was detected by BeyoECL kit (Beyotime, China),
according to the manufacturer’s instruction. The expression
of protein band was visualized by using enhanced chemi-
luminescence. The interest protein and inner reference
f-actin were determined by using Kodak software package
for the analysis of 2-D gel, and optical density value
(ODV) was detected. The relational expression level of
VEGF and Cx43 protein was calculated according to the
proportionality of VEGF/Cx43 and f-actin (ODV).

Statistical analysis

All statistical analyses were performed using the SPSS 13.0
software package for Macintosh. Variables associated with
VEGF and Cx43 expression were analyzed by the chi-
square test, #’-test, and z-test. P < 0.05 was considered
significant, and P < 0.01 was considered remarkably
significant.

Results
The expression of VEGF and Cx43 mRNA and protein

The study showed that the expression of VEGF mRNA and
protein was significantly higher in pancreatic cancer tissues
than in adjacent normal pancreatic tissues (P < 0.05), and
the expression of Cx43 mRNA and protein was obviously
lower (P < 0.05). The results were shown in Tables 2
and 3.

The expression of VEGF/Cx43 and the relationship
between them and clinical feature in pancreatic cancer

The expression of Cx43 protein was dyed brown granula on
cytomembrane in normal pancreatic tissue. But it was
expressed mainly in cytoplasm and was few dyed brown
granula on cytomembrane in pancreatic cancer tissues
(Fig. 1). The expression of VEGF protein was dyed brown
granula in cytoplasm in pancreatic cancer tissues (Fig. 2).

The positive expression rate of VEGF protein was 77%
(77/100)in pancreatic cancer tissues and 15% (15/100)in
normal tissues (P < 0.01); the positive expression rate of
Cx43 protein was 48% (48/100) in pancreatic cancer tis-
sues and 100% (100/100) in normal tissues (P < 0.01).

The expressions of VEGF were related to tumor size,
TNM stage, and lymph node metastasis (P < 0.05), and
there was a close relation between the expression of Cx43
and histological grades, TNM stage, and lymph node
metastasis (P < 0.05). The relationship between the
expression of VEGF in pancreatic cancer tissues and
clinicopathologic factors was given in Table 4, and Cx43
was listed in Table 5.

Discussion

As we know, vascular endothelial growth factor (VEGF) is
the strongest, highest-specific angiogenesis factor and
plays a vital role in tumor vascularization [10], and it is
excreted more by tumor cell, labrocyte, and macrophage of
tumor invasion in tumor tissues. It stimulates endothelial
cells, promotes their cell proliferation, migration, and
induces vasifaction by paracrine; it promotes constant

Table 2 The expression of VEGF and Cx43 mRNA (relative magnitude)

VEGF Cx43
Positive mRNA P Positive mRNA P
rate (%) (VEGF/f-actin) rate (%) (Cx43/f-actin)
Pancreatic cancer tissue 73 (73/100) 0.798 £ 0.290 <0.01 41 (41/100) 0.403 £ 0.204 <0.01
Adjacent normal pancreatic tissue 25 (25/100) 0.383 £ 0.668 97 (97/100) 0.718 £ 0.235
Table 3 The expression of Cx43 and VEGF protein (relative magnitude)
VEGF Cx43
Positive Protein P Positive Protein P
rate (%) (VEGF/f-actin) rate (%) (Cx43/f-actin)
Pancreatic cancer tissue 67 (67/100) 0.745 £+ 0.254 <0.01 35 (35/100) 0.373 £ 0.164 <0.01
Adjacent normal pancreatic tissue 18 (18/100) 0.385 £ 0.154 91 (91/100) 0.714 £ 0.212
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Fig. 1 Expression of Cx43
protein in pancreatic cancer
tissues (SP, original
magnification x100)

Fig. 2 Expression of VEGF protein in pancreatic cancer tissues (SP, original magnification x100)

tumor cell growth and enhances vasopermeability which
causes fibrin deposition of surrounding tissue; it also helps
in histo-leukocyte, fibroblast, and endothelial cell’s infil-
tration, which contributes to the formation of tumor’s
groundplasm and the entry of tumors cell to new vessels.
All these promote tumor metastasis [11-13]. Many
researchers had found that VEGF overexpressed in a wide
variety of tumor cells.

Pancreatic cancer is one of the solid tumors; new vasi-
faction ensures growth and metastasis. VEGF is one of the
important expression products for inducing new vasifac-
tion. In a great degree, the expression rate of VEGF can
reflect new vasifaction in solid tumors.

In our study, we found out that the expression of VEGF
on mRNA and protein levels in pancreatic cancer tissues
was obviously higher than in adjacent normal pancreatic
tissues, which suggested that the expression of VEGF plays
an important role in the occurrence of pancreatic cancer.
And the expression intensity of VEGF was related to tumor
size, TNM stage, and lymph node metastasis. The result
was similar to other researchers’ results. The result showed
that VEGF was an important media for vasifaction and
metastasis of tumor. We found the expression rate of
VEGF ascended along with the progression of pancreatic
cancer. It prompts us to believe that the progression of

pancreatic cancer needs abundant new vasifactions for
offering oxygen and nutrient substance. VEGF should be
an important index to reflect the biological behavior of
pancreatic cancer.

Gap junction (GJ) is an important framework where
intercellular nutrient substance, metabolite, and signaling
molecules are exchanged. It is composed of six connexins
(Cx). GJ promotes cellular metabolism, stabilization of
internal environment and controls cellular proliferation and
differentiation by gap junctional intercellular communica-
tion (GJIC) which is mediated by Cx [14]. Many scholars
[3, 15, 16] believe that the descent or absence of the
expression of Cx causes the inhibition of GJIC function
which induces the change in cellular internal environment
and loss of control of cell’s proliferation, differentiation,
and finally causes tumor development.

Tumor metastasis is a basic biological characteristic of
malignant tumor. Compared with normal tissue’s sticki-
ness, malignant tumor tissue’s stickiness is weaker. The
lower stickiness is caused by the loss of GJ or the attenu-
ation of GJIC in cells, and the attenuation of GJIC function
causes loss of normal information control, contact inhibi-
tion, and density-dependent growth in tumor cells. It also
causes the loss of organic integrity control action. As a
result, tumor cells grow abnormally and induce the
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Table 4 The relationship

between expression of VEGF in n VEGF expression (n) Positive rate (%) Xz P
pancreatic cancer tissues and Negative Positive
clinicopathologic factors
Sexuality
Female 39 12 27 69.23 2.18 0.14
Male 61 11 50 81.97
Age
<50 45 13 32 71.11 1.60  0.21
>50 55 10 45 81.82
Differentiated degree
Well differentiated 32 9 23 71.88 0.81 0.67
Moderately differentiated 41 32 78.05
Poorly differentiated 27 5 22 81.48
Tumor size (cm)
<4 44 17 27 61.36 10.85 0.001*
>4 56 6 50 89.29
Location of tumor
Caput pancreatis 62 17 45 72.58 1.80 0.18
Tail and body of pancreas 38 6 32 84.21
TNM stage
LI 46 17 29 63.04 9.37 0.002*
I, IV 54 6 48 88.89
Lymph node metastasis
No 48 18 30 62.50 10.90  0.009*
Yes 52 5 47 90.38

* P <0.05

augmentation of local tension, which easily causes cellular
defluvium and promote infestation of groundplasm gap [17,
18]. It is found that the abnormal expression of Cx and the
defect in GJIC function are universal existence in tumor
cells and transformants [19, 20]. Cx43 is an important
factor of Cx, which not only has the function of Cx, but
also is considered an anti-oncogene, whose decrease or loss
of expression is closely related to tumor’s genesis, devel-
opment, and metastasis. Many tumor cells such as glioma,
lung cancer, breast cancer, prostatic carcinoma show
decreased or loss of Cx43 expression and the GJIC function
[21, 22]. Therefore, as a tumor suppressor, the expression
of Cx43 can prompt malignant tumor’s invasive degree and
assesses the prognosis.

In the study, we used three methods (RT-PCR, Wes-
tern-blot, and immunohistochemical method) to detect the
expression of Cx43. The result showed that the expression
of Cx43 on mRNA and protein levels both lower in
pancreatic cancer tissue. The result is consistent with the
function of Cx43 in tumor cells. It verifies that Cx43
plays a negative interaction in pancreatic cancer. The
result also prompts that pancreatic cancer tissues existed
as a cause for the abnormal GJIC function. The expres-
sion of Cx43 was related to pathologic classification,
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TNM stage, and lymph node metastasis in pancreatic
cancer tissues. With the development of tumor, we found
that the expression of Cx43 gradually decreased. The
difference in positive rate was statistically significant
between stage I-II and stage III-IV. Compared with the
expression of Cx43 in well-differentiated and moderately
differentiated pancreatic cancer tissues, the expression of
Cx43 was lower in poorly differentiated tissues. The
result indicated that the decreased expression of Cx43
promoted the development of pancreatic cancer. The
difference in the positive rate was remarkably significant
between lymph node metastasis and no lymph node
metastasis in our study. It should be showed that the
decreased expression of Cx43 induced tumor cells to
elude the control of normal growth and the immune
surveillance of host which caused pancreatic cancer cells
to diffuse and metastasize from distant places easily, and
Cx43 should be one of the factors to affect lymph node
metastasis of pancreatic cancer.

The study certified that VEGF and Cx43 played an
important role in the genesis and development of pancre-
atic cancer. They should be a new biological marker to
forecast the malignancy potency and prognosis of pancre-
atic cancer.
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Table 5 The I‘C!athl’lShlp n Cx43 expression (n) Positive ;{2 P
between expression of Cx43 and rate (%)
clinicopathologic factors in Negative Positive
pancreatic cancer tissues
Sexuality
Female 39 22 17 43.59 0.50 0.48
Male 61 30 31 50.82
Age
<50 45 24 21 46.67 0.06 0.81
>50 55 28 27 49.09
Differentiated degree
Well differentiated 32 10 22 68.78 12.72 0.002*
Moderately differentiated 41 21 20 48.78
Poorly differentiated 27 21 6 22.22
Tumor size (cm)
<4 44 22 22 50.00 0.13 0.60
>4 56 30 26 46.43
Location of tumor
Caput pancreatis 62 30 32 51.61 0.85 0.36
Tail and body of pancreas 38 22 16 42.11
TNM stage
LI 46 13 33 71.74 19.23 0.000*
11, IV 54 39 15 27.78
Lymph node metastasis
No 48 16 32 66.67 12.89 0.0003*
£ P <005 Yes 52 36 16 30.77
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