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Abstract

AIM: To study the expression of vascular endothelial
growth factor A (VEGF-A) and VEGF-C and to determine
whether the presence of VEGF-A and VEGF-C was as-
sociated with the clinicopathologic characteristics of pan-
creatic cancer.

METHODS: VEGF-A and VEGF-C mRNA transcripts
were examined by Northern blot in 6 human pancreatic
cancer cell lines and 8 normal pancreatic tissues and
8 pancreatic carcinoma specimens. The expression of
VEGF-A and VEGF-C proteins was examined by Western
blot in the tested cell lines and by immunohistochemical
stain in 50 pancreatic carcinoma samples.

RESULTS: VEGF-A and VEGF-C mRNA transcripts were
present in all the 6 human pancreatic cancer cell lines.
Immunoblotting revealed the presence of VEGF-A and
VEGF-C proteins in all the cell lines. Northern blot analy-
sis of total RNA revealed 3.0-fold and 3.6-fold increase
in VEGF-A and VEGF-C mRNA transcript in the cancer
samples, respectively. Immunohistochemical analysis
confirmed the expression of VEGF-A and VEGF-C in can-
cer cells within the tumor mass. Immunohistochemical
analysis of 50 pancreatic cancer tissue samples revealed
the presence of VEGF-A and VEGF-C immunoreactivity
in 50% and 80% of the cancer tissue samples, respec-
tively. The presence of VEGF-A in these cells was associ-
ated with larger tumor size and enhanced local spread
(*=6.690, P=0.035<0.05) but was not associated with
decreased patient survival. However, the presence of
VEGF-C in the cancer cells was associated with increased
lymph node metastasis (y°=5.710, #=0.017<0.05),
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but was not associated with decreased patient survival.
There was no correlation between the expression of
VEGF-A and VEGF-C in the same cancer cells.

CONCLUSION: VEGF-A and VEGF-C are commonly
overexpressed in human pancreatic cancer and may
contribute to tumor growth and lymph node metasta-
sis. There is no relationship between the expression of
VEGF-A and VEGF-C in pancreatic cancer.
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INTRODUCTION

Though the mortality rate of pancreatic cancer has de-
creased and the survival rate of pancreatic cancer patients
is improved after surgery, the 1-year survival rate after
diagnosis of pancreatic cancer remains below 20% and
the 5-year survival rate is only 3% %, One reason for this
poor prognosis is the propensity of pancreatic cancer to
metastasize. Pancreatic carcinoma is characterized by its
aggressive local invasion of adjacent structures, perineural
invasion and eartly lymph node and liver metastasis” .
Lymph node metastasis and blood vessel invasion are the
definitive factors of the prognosis after resection®”

Angiogenesis plays an important role in the
development, growth and metastasis of carcinoma in
mammals®. It is also important to consider the possible
impact of lymphangiogenesis (development of lymphatic
vessels) on cancer growth and metastasis'”. In fact,
tumor spread is dependent on both the angiogenic and
lymphangiogenic systems. Many carcinomas metastasize
through the lymphatic system, whereas others spread
mainly hematogenously.

VEGF-A has a potent mitotic activity specific to
vascular endothelial cells™", suggesting that VEGF-A
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contributes to the pathologic angiogenesis associated with
solid tumors. Recently VEGF-B to-E showing homol-
ogy to VEGF-A have been identified"""”. Among these,
VEGEF-C possessing approximately 30% identity with
VEGE, has been shown to induce specific lymphatic
endothelial proliferation and hyperplasia of the lymphatic
vasculature by binding to its specific receptor flt-4
U121 VEGF-C may also be an important factor
regulating the mutual paracrine relationship between tumor
cells and lymphatic endothelial cells not only in primary
tumor but also in adjacent normal tissue.

We have previously reported that VEGF-C and its
receptor are overexpressed in pancreatic cancer!). We now
report the coexpression of VEGF-A and VEGF-C in
human pancreatic cancer.

MATERIALS AND METHODS

Cell culture

ASPC-1, CAPAN-1, MIA-PaCa-2 and PANC-1 human
pancreatic cancer cells were obtained from the Ameri-
can Type Culture (Rockville, MD, USA). COLO-357 and
T3M4 human pancreatic cancer cells were a gift from R. S.
Metzger at Duke University. Cells were grown in monolay-
er culture containing humidified 50ml/L CO2 and 95% air
at 37°C. ASPC-1, CAPAN-1 and T3M4 cells were grown
in RPMI-1640 medium. COLO-357, MIA-PaCa-2 and
PANC-1 cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM). Madia contained 10% fetal bovine se-
rum, 100 U/mL penicillin and 100 mg/mL streptomycin.

Tissues for Northern blot analysis

Normal pancreatic tissue and pancreatic cancer tissue
samples were frozen in liquid nitrogen and stored at -80°C
for RNA extraction.

Tissues for inmunohistochemistry

Pancreatic cancer tissue samples were obtained from 50
patients (35 men and 15 women; mean age, 64.3£10.8
years; range, 48-81 years) undergoing surgery for pancreatic
cancer. The tumors were classified as previously de-
scribed!. Histologically, there were 15 well, 31 moderately
and 4 poortly differentiated adenocarcinomas. There were
0 stage I, 3 stageIl, 9 stage Il and 38 stage IV tumors.
Tissue samples were fixed in 10% paraformaldehyde
solution for 18-24 h and embedded in paraffin.

Cloning and labeling of VEGF-A and VEGF- C probes

Reverse-transcription polymerase chain reaction (RT-
PCR) was carried out using RT-PCR kit according to
the manufacturer’s instructions. Briefly, total RNA was
extracted from human placenta using the acid guanidinium
thiocyanate method. The prepared RNA (1 ng) was mixed
with reverse transcription reagents in a total volume of
20 pL, incubated for 30 min at 42 “C into first-strand
cDNA. One pul. cDNA was used for PCR amplification.
The upstream primer for VEGF-A was 5-CTC ACC TGC
TTC TGA GTT GC-3’, and the downstream primer was 5’
-TTC TCT GCC TCC ACA ATG G-3’ with an expected
size of 319 bp. The upstream primer for VEGF-C was 5’
-CGGGATCCACGGCTTATGCAAGCAAA-3, and the

downstream primer was 5-CGGAATTCAACACAGTT
TTCCATAATAGA-3 with an expected size of 1167 bp.
Amplification conditions were denaturation at 94 C for 5
min, followed by 32 cycles of denaturation at 95 C for 1
min, annealing at 55 ‘C for 1 min, extension at 72 C for
1 min. The PCR products were electrophoresed on 1.5%
agarose gels and the target bands containing the specific
cDNA were cut down and purified using an ultraclean
DNA purification kit (Mo Bio Laboratories, Solana Beach,
CA, USA.) according to the manufacturer’s instructions.
The accuracy of the RT-PCR products was confirmed by
sequencing of cloned cDNA. The prepared cDNA probes
were labeled by PCR-DIG labeling mix according to the
manufacturet’s instructions.

Northern blot analysis

Total RNA was extracted from human tissue samples
and human pancreatic cancer cell lines using the acid
guanidinium thiocyanate method. RNA was fractionated
on 0.8% agarose/2.2% formaldehyde gels, electrotransferred
onto nylon membranes and cross-linked by ultraviolet
irradiation'"”), The blots were prehybridized in
hybridization buffer for 1 h at 42 °C, hybridized with the
indicated DIG-labeled cDNA probes overnight at 42°C,
and washed twice for 5 min with 2XSSC/SDS (0.1%) at
room temperature, twice for 15 min with 0.1XSSC/SDS
(0.1%) at 68°C. DIG-labeled nucleic acids were detected
with CSPD according to the manufacturer’s instructions at
room temperature. Briefly, after rinsed in washing buffer,
the membrane was incubated for 30 min in blocking
solution and anti-DIG-AP conjugate, respectively. Then
the membrane was washed twice in washing buffer for
15 min and in detection buffer for 5 min and incubated
for 5 min in CSPD solution. The damp membrane was
sealed in a hybridization bag, incubated for 15 min at
37 °C and exposed to radiographic film for 15 min at room
temperature. Equivalent loading of RNA in each lane was
confirmed by hybridizing the total RNA with a $-actin
cDNA. All cDNAs were labeled with DIG as above.
Densitometric analysis of the signals were performed with
a gel imaging system.

Immunoblotting

Human pancreatic cancer cells were solubilized in
lysis buffer containing 50 mmol Tris, 150 mmol NaCl,
1 mmol ethyleneglycoltetraacetic acid, 1% NP40, 1%
sodium deoxycholate, 1 mmol sodium banadate, 50 mmol
sodium flupride, 2 mmol EDTA (pH 8.0), 100 pg/mL
benzamidine, 50 pg/ml aprotinin, 10 pg/ml. leupeptin,
10 pg/mL pepstatin A, and 1 mmol phenylmethylsulfonyl
fluoride. Proteins were subjected to sodium dodecyl
sulfatepolyacrylamide gel electrophoresis and transferred
to Immobilon P membrane. Membranes were incubated
for 90 min with highly specific anti-VEGF-A or anti-
VEGF-C polyclonal antibody, then washed and incubated
with a horseradish peroxidase-coupled secondary goat
anti-rabbit antibody for 60 min. After washing, antibodies
were visualized by enhanced chemiluminescence.
Equivalent loading of protein in each lane was confirmed
by hybridizing the total protein with B-actin.
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Figure 1 Expression of VEGF-A (A) and VEGF-C (B) in six human pancreatic
cancer cell lines. Lane 1: COLO-357; lane 2: MIA-PaCa-2; leane 3: PANC-1; lane 4:
T3M4; lane 5: ASPC-1; lane 6: CAPAN-1.

Immunohistochemistry

The same anti-VEGF-A and anti-VEGF-C polyclonal
antibodies were used for immunohistochemical analysis.
Paraffin-embedded sections (4 pm) of pancreatic cancer
and noncancerous pancreatic tissues wetre subjected
to immunostaining using the streptavidin-peroxidase
technique. After deparaffinization, antigen retrieval was
performed by immersing the sections in 10 mmol citrate
buffer (pH 6.0) and heated twice in a microwave oven
(95 C) for 5 min each time. Endogenous peroxidase
activity was blocked by incubation with 1% hydrogen
peroxide in distilled water for 10 min. Tissue sections
were incubated with normal donkey serum for 20 min
at room temperature and then incubated with polyclonal
anti-VEGF-A antibody (2 ng/mL) or anti-VEGF-C
antibody (2 pg/mL) in normal donkey serum for 2 h at
room temperature. Bound antibodies were detected with
biotinylated goat anti-rabbit IgG secondary antibody and
streptavidin-peroxidase complex, using diaminobenzidine
tetrahvdrochloride as the substrate. The sections were
counterstained with Mayer’s hematoxylin and incubated
with nonimmunized rabbit IgG or without primary
antibodies, which did not yield positive immunoreactivity.
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pancreatic tissues.

Scoring was carried out by two independent observers
blinded to the patient’s status. Positive staining was
defined as the presence of VEGF-A and VEGF-C
immunoreactivity in at least 10% of the cancer cells.

Statistical analysis

Differences in distribution of VEGF-A or VEGF-C
were determined using the X test. Kaplan-Meier survival
analysis was used to estimate survival time and log-rank
test was used to compare differences in survival time
between VEGF-A positive and negative groups or be-
tween VEGF-C positive and negative groupsm. P<0.05
was considered statistically significant.

RESULTS

Expression of VEGF-A and VEGF-C in human pancreatic
cancer cell lines

Northern blot analysis of total RNA isolated from
pancreatic cancer cell lines indicated that the 6 cell lines
expressed the 4.1 kb VEGF-A transcript and 2.4 kb
VEGF-C transcript (Figures 1A and 1B). Immunoblotting
with a highly specific anti-VEGF-A or anti-VEGF-C
antibody revealed an approximately M: 43000 band
(occasionally also a M: 41000 band) of VEGF-A protein
or M: 55000 band (occasionally proteolytic forms of Mk
41000 molecules) of VEGF-C protein in all the cell lines
(Figures 1 A and 1B). Both M: 43000 band and M: 41000
band corresponded to the VEGF165 isoform homodimer.

Expression of VEGF-A and VEGF-C mRNA in human
pancreas

Northern blot analysis of total RNA isolated from human
pancreatic tissue revealed the 4.1 kb VEGF-A transcript
and the 2.4 kb VEGF-C transcript in all normal pancreatic
tissue samples and cancer tissue samples (Figure 2).
Densitometric analysis of the autoradiograms indicated
that the levels of 4.1 kb VEGF-A transcript and 2.4 kb
VEGF-C transcript were approximately 3.0-fold and
3.6-fold higher in pancreatic cancer tissues in comparison
with normal pancreatic tissues.
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Figure 3 Immunohistochemical analysis of VEGF-A (A) and VEGF-C (B) expres-
sion in human pancreatic cancer tissues. In the pancreatic cancers, moderate to
strong VEGF-A and VEGF-C immunoreactivity was present in the cytoplasm of
cancer cells, x400.

Expression of VEGF-A and VEGF-C protein in human
pancreatic tissue

The same anti-VEGF-A or anti-VEGF-C antibody
was used to localize VEGF-A or VEGF-C
immunohistochemically. In the normal pancreatic tissue,
moderate VEGF-A and VEGF-C immunoreactivity was
present in the cytoplasm of endocrine islet cells, a weak
immunoreactivity in some ductal cells within the small
ductules and in a few acinar cells (data not shown). In the
pancreatic cancertissue, moderate to strong VEGF-A and
VEGF-C immunoreactivity was present in the cytoplasm
of many cancer cells (Figures 3A and 3B). Among the
50 pancreatic cancer cases, 25 (50%) were positive for
VEGEF-A and 40 (80%) for VEGF-C immnunoreactivity

in the cytoplasm of cancer cells.

Correlation between VEGF-A and VEGF-C expression and
patient survival

y” analysis indicated that the presence of VEGF-A in
cancer cells was associated with a statistically significant
increase in tumor size and local extension (T category).
However, there was no correlation between the presence
of VEGF-A in cancer cells and lymph node metastasis
or distant metastasis or tumor stage or histological grade
of cancers (Table 1). The presence of VEGF-C in cancer
cells was associated with a statistically significant increase
in the presence of lymph node metastasis (N category),
but there was no correlation between the presence of

VEGEF-C in cancer cells and other factors (Table 1). The

Table 1 VEGF-A and VEGF-C expression in relation to

the clinicopathologic characteristics of 50 patients with
pancreatic cancer

VEGF-A VEGF-C
+ - P + - P

Age (yr) 6410 62£9 65+10 62+8
Gender
Male 18 17 28 7
Female 7 8 12 3
TNM
T1 1 8 0.035 8 1 0.701
T2 9 7 13 3
T3 15 10 19 6
NO 6 5 0.733 6 5 0.017
N1 19 20 34 5
MO 20 23 0.221 E5) 8 0.541
M1 5 2 5 2
Stage

I 0 0 0.801 0 0 0.416
I 1 2 2 1

i} 5 4 6 3

v 19 19 32 6
Differentiated degree
well 10 5 0.290 14 1 0.304
moderate 13 18 23 8
poor 2 2 3 1

TNM: tumor node metastasis.

Table 2 Correlation between VEGF-A and VEGF-C

expression in 50 patients with pancreatic cancer

VEGF(-A) P
+ -
+ 21 19
VEGF-C 0.480
- 4 6

mean survival time of the VEGF-A negative and positive
groups was 20.80 £ 15.00 months and 16.04 £ 9.00 months
respectively. Thus, the survival time of patients with
VEGF-A positive tumors was shorter. However, Kaplan-
Meier analysis and log-rank test indicated that there was
no significant difference in survival between these two
groups (Figure 4A). The mean survival time of VEGF-C
negative and positive groups was 30.7 £ 14.00 months
and 15.4+10.00 months respectively. The survival time
of patients with VEGF-C positive tumors was shorter.
But Kaplan-Meier analysis and log-rank test indicated that
there was no significant difference in survival between
these two groups (Figure 4B).

Correlation between VEGF-A and VEGF-C expression in
pancreatic cancer

There was no correlation between VEGF-A and VEGF-C
expression in pancreatic cancer (Table 2).

DISCUSSION

Recently, VEGF-B to -E showing homology to VEGF-A
have been identified"" . Among these, VEGF-C has

www.wjgnet.com
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Figure 4 Survival curve. A: Cumulative survival (Kaplan-Meier) plot of the postoperative survival period of patients whose pancreatic tumors exhibited cytoplasmic VEGF-A
immunostaining (solid line) versus those whose tumors were negative for VEGF-A (broken line), (P=0.184); B: Cumulative survival (Kaplan-Meier) plot of the postoperative
survival period of patients whose pancreatic tumors exhibited cytoplasmic VEGF-C immunostaining (solid line) versus those whose tumors were negative for VEGF-C (broken

line), (P=0.159).

a high degree (approximately 30%) of homology to
VEGE(A)!" " VEGF-A plays an important role in
tumor growth and metastasis” . VEGF-C is a ligand for
VEGF-A receptor 3 (flt-4) expressed mainly in endothelia
of lymphatic vessels and induces specific lymphatic
endothelial proliferation and hyperplasia of the lymphatic
vasculature! >,

Expression of VEGF-A and VEGF-C was
detected in normal and cancer tissues in the present
study. Overexpression of VEGF-A has been reported
in mammary, colorectal, liver, gastric and pancreatic
malignancies[21’22’ 252 Expression of VEGF-A and its
receptor KDR correlates with vascularity, prolifera-
tion and metastasis of colonic cancer”™ and with vessel
count and tumor stage of gastric cancer P as well as with
growth of pancreatic cancer. Recent studies demonstrated
that expression of VEGF-C in various human tumors,
including lymphoma, melanoma, fibrosarcoma, squamous
cell carcinoma, breast caner, gastric cancer, colorectal
cancer, pancreatic cancer and hepatocellular carcinoma'’”
3 VEGF-C is expressed only in lymph node-positive
breast cancer™. Gastric cancer patients with a high
expression of VEGF-C protein have a much poorer
prognosis than those with a low VEGF-C expression
M VEGE-C promotes lymph node metastasis of rectal
cancer ™. Expression of VEGF-C and its receptor flt-4
correlates with lymphangiogenic process and metastasis of
pancreatic cancer .

The present study showed that VEGF-A and VEGF-C
expression was abnormal in pancreatic cancer in vivo.
Northern blot analysis revealed a single 4.1 kb VEGF-A
mRNA transcript and a single 2.4 kb VEGF-C mRNA
transcript in all normal and pancreatic cancer tissue
specimens, as well as 3.0-fold and 3.6-fold increase of
VEGF-A and VEGF-C mRNA transcripts in pancreatic
cancer tissue specimens, indicating that both VEGF-A
and VEGF-C are overexpressed in pancreatic cancer. The
distribution of VEGF-A and VEGF-C in normal and
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cancerous tissue specimens was different. In the normal
pancreas, VEGF-A and VEGF-C ware relatively abundant
in endocine islets, less frequently present in ductal cells
and only occasionally present in acinar cells. In contrast,
VEGF-A and VEGF-C were abundant in ductal-like
cancer cells of pancreas. VEGF-A is a specific mitogen
toward endothelial cells and VEGF-C is a specific mitogen
to lymphatic endothelial cells, suggesting that VEGF-A
has a potential to act in a paracrine manner on endo-
thelial cells within the pancreatic tumor mass, leading to
enhanced angiogenesis and tumor growth, while VEGF-C
has a potential to act in a paracrine manner on lymphatic
endothelial cells within the pancreatic tumor mass, leading
to enhanced invasion to lymphatic vessels and lymph node
metastasis. Cancer with active lymphangiogenesis could be
predisposed to metastatic spread via the lymphatic system,
resulting in a poor survival rate. It appears that tumor
cells need to penetrate the lymphatic endothelium twice to
translocate into the interstitium of a lymph node. Because
lymphatic vessels have no tight junctions or continuous
basal laminae, their penetration may only require tumor
cell adhesion to the endothelium and transmigration
through intracellular gaps between lymphatic endothelial
cells. VEGF-A can increase microvascular permeability by
enhancing the transmigration activity of vesicular-vacuolar
organellespz’ﬂ]. VEGF-C and flt-4 may be components
of a paracrine signaling network between cancer cells and
the endothelium and may be involved in modifying the
permeabilities of both blood and lymphatic vessels and
metastasis .

Univariate analysis of the immunohistochemical data
demonstrated that the presence of VEGF-A and VEGF-C
in pancreatic cancer cells was associated with tumor size
and lymph node metastasis respectively, indicating that
VEGF-A and VEGF-C contribute to pancreatic tumor
growth and lymphatic metastasis 7z v7vo. Though the
survival time was shorter in patients with VEGF-A and
VEGF-C positive tumors, this correlation was not statisti-
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cally significant. Niedergethmann ez 2/ and Kuwahara
et al®” reported that the survival time of patients with
pancreatic ductal carcinoma showing high expression
of VEGF-A is significantly shorter than that of those
with low or no expression of VEGF-A. Kurahara ef /"
reported that VEGF-C and VEGF-D expression in tumor
cells is significantly associated with the 5-yeatr survival
rate of patients with pancreatic head cancer. In our study,
VEGF-A or VEGF-C did not emetge as an independent
prognostic parameter. Moreover, our previous study
showed that the survival time of patients with VEGF-C
positiove tumors is shorter! . Because the majority of
patients in the present study had no detectable metastatic
disease at the time of surgery, whether VEGF-A or
VEGF-C expression correlates with enhanced propensity
of pancreatic cancer to metastasize remains unknown.
Further studies are needed.
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