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Abstract

AIM   To establish the role of vascular endothelial growth
factor (VEGF) in the oncogenesis of human gastric
carcinoma more directly.

METHODS   The expression of VEGF and its receptor
kinase-domain insert containing receptor (KDR) in human
gastric   cancer  t issue  were  observed  by
immunohistochemical staining. VEGF levels were
manipulated in human gastric cancer cell using eukaryotic
expression constructs designed to express the complete
VEGF165  complimentary DNA in either the sense or
antisense orientation. The biological changes of the cells
were observed in which VEGF was up-regulated or down-
regulated.

RESULTS   VEGF-positive rate was 50%, and VEGF was
mainly localized in the cytoplasm and membrane of the
tumor cells, while KDR was mainly located in the
membrane of vascular endothelial cells in gastric cancer
tissues and peri-cancerous tissue.  In 2 cases of 50
specimens, the gastric cancer cells expressed KDR,
localized in both the cytoplasm and membrane.
Introduction of VEGF165 antisense into human gastric
cancer cells (SGC-7901, immunofluorescence intensity,
31.6%)) resulted in a significant reduction in VEGF-
specific messenger RNA and total and cell surface VEGF
protein   (  immunofluorescence   intensity,   8.9%)
(P<0.05). Conversely, stable integration of VEGF165 in
the sense orientation resulted in an increase in cellular
and cell surface VEGF (immunofluorescence intensity,
75.4%) (P<0.05). Lowered VEGF levels were associated
with a marked decrease in the growth of nude mouse
xenografted tumor (at 33 days postimplantation, tomor
volume: 345.40±136.31 mm3) (P<0.05 vs control SGC-
7901 group: 1534.40±362.88 mm3), whereas up regulation
of VEGF resulted in increased xenografted tumor size (at
33 days postimplantation, tomor volume: 2350.50±637.70
mm3) (P<0.05 vs control SGC-7901 group).

CONCLUSION   This study provides direct evidence that
VEGF plays an important role in the oncogenesis of human
gastric cancer.
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INTRODUCTION
It   is  known  that  malignant  tumors  depend  on
neovascularization  for  their  growth  and  metastasis[1,2].
Recently,  many  studies  have  shown  that  the  secretion  and
activation  of  various  endothelial  growth  factors,  called
angiogenic  factors,  by  tumor  cells  plays  a  crucial  role  in  the
formation  of  neovasculature[3-8].  VEGF  is  a  powerful
mitogen  for  vascular  endothelial  cells,  both  in  vitro  and  in
vivo.  In  addition,  VEGF  has  the  property  of  inducing  vascular
permeability  in  vivo.  Three  evidences  for  the  central  role
played  by  VEGF  in  tumor  angiogenesis  were:   the  detection
of  high  levels  of  VEGF  expression  in  palisading  cells  around
regions  of  necrosis  in  a  number  of  solid  tumor  systems,
coupled  with  the  rapid  induction  of  VEGF  when  tumor  cells
are  grown  under  hypoxic  conditions[9,10];   injection  of
antibodies  against  VEGF  markedly  reduced  the  in  vivo  growth
of  s.c.  injected  tumor  cells,  which  are  known  to  produce
robust  tumor  angiogenesis[11];  and   introduction  into  tumor
endothelial  cells  of  a  dominant-negative  version  of  VEGF-R2

by  means  of  retroviral  transfer  markedly  reduced  tumor
size[12]. The current study was designed to establish the role of
VEGF  in  the  oncogenesis  of  human  gastric  cancer  more
directly.

SUBJECTS AND METHODS
Immunohistochemistry
Resected specimens from 50 patients with gastric carcinoma
who underwent gastrectomy at our institute were studied. The
patients ranged in age from 27 to 76  years (average 56.3
years); 40 were men, and 10 were women. No patient had
received chemotherapy or radiation therapy before surgery.
Specimens were fixed in a 40g·L-1 formaldehyde solution and
embedded in paraffin. Five µm thick sections were cut and
mounted  on  glass  slides.  Immunohistochemistry  was
performed  using  the  avidin-biotin  complex  method.  Sections
were  dewaxed  in  xylene,  taken  through  ethanol,  and  then
incubated  with  30mL·L-1 hydrogen peroxide in methanol for
30 minutes to block endogenous peroxidase activity. Sections
were then washed in phosphate-buffered saline and incubated
in 20mL·L-1 normal goat serum for 30 minutes to reduce
nonspecific  antibody  binding.  The  antibody  for  VEGF  and
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KDR (Santa Cruz Biotechnology, Inc, Santa Cruz, CA) were
used respectively. Specimens were then incubated with a 1:
500  dilution  of  anti-VEGF  antibody  overnight  at  4 ,
followed  by  three  washes  with  PBS.  Sections  were  then
incubated  with  biotinylated goat antirabbit immunoglobulin G
(Sino-American Biotechnology Co.) at a dilution of 1:100 for
2  hours  followed  by  3  washes.  Slides  were  then  treated  with
the  complex  of  Reagent  A  and  Reagent  B  (ABC  kit,  Sino-
American  Biotechnology  Co.)  for  2  hours  at  a  dilution  of  1:
100  and  were  washed with phosphate-buffered saline 3 times.
Finally, slides were incubated in phosphate-buffered saline
containing  diaminobenzidine  and  300 mL·L-1  hydrogen
peroxide  for  10  minutes.  Normal  rabbit  immunoglobulin-G
was substituted for primary antibody as the negative control.

Plasmid constructs
pGEM-hVEGF  is  pGEM-3Zf(+)  derivative  Promega  cloning
vector  plasmid  containing  the  complete  complementary  DNA
(cDNA)  sequence  of  human  VEGF165  (this  plasmid  was
generous  gifts  from  Judith  Abraham,  Scios  Nova,  Inc.)[13].
The  VEGF165  cDNA  was  subcloned  into  the  pCDNA3

eukaryotic  expression  vector  using  the  Eco-RI  and    Xba  I  or
EcoR  I  and  Hind  III  restriction  enzyme  sites  in  sense  or
antisense  orientation  respectively.  Restriction  enzyme  analysis
(EcoR  I,  Xba  I  and  Hind  III)  and  dideoxy  sequencing
method  were  used  to  confirm  the  orientation  and  quality  of
the  VEGF  cDNA  in    the  pCDNA3  vector,  respectively.

Gastric cancer cell line culture conditions
Cell  line  SGC-7901  was  derived  from  a  moderately-
differentiated  gastric  adenocarcinoma  and  has  been
characterized  extensively[14].  The  cells  were  routinely  cultured
in  RPMI  1640  /  100 mL·L-1  NCS  (heat-inactivated)  and
2  mmol·L-1    L-glutamine    in    a    humidified    atmosphere    of
50 mL·L-1   CO2   at   37 ,   supplemented   with   penicillin   (100
KU·L-1)  and  streptomycin  (100mg·L-1).

Liposome-mediated transfection
Human   SGC-7901   cells   were   grown   in   RPMI   1640 /
100mL·L-1  NCS  in  6-well  tissue  culture  dishes  to  50%
confluence.  The  lipofect  Amine-mediated  transfection
(Gibco/BRL)  was  performed  as  described  previously   using
2µg  of  recombinant  constructs  DNA  (or  pCDNA3  vector
alone)[15].  After  48h,  they  were  trypsinized  from  the  plates
and  dilute  cells  into  selective  medium  containing  Geneticin
G418  (350mg·L-1).  Cell  death  was  observed  after  3  days  in
culture,  and  discrete  colonies  were  apparent  by  10  days  post-
selection.  Individual  colonies  were  then  isolated  and  grown  in
24-well  culture  plates.  Genomic  DNA  and  total  RNA  were
then  isolated  from  these  colonies,  and  PCR  analysis  and  RNA
dot  blotting  were  performed.  Clones  demonstrated  to  express
the  sense  and  antisense-VEGF  constructs  were  then  recloned
by  growing  single  cell  in  96-well  plates.

Detection of expression constructs in genomic DNA by PCR
PCR was used to determine which human gastric cancer cell
clones  were  successfully  transfected  with  the  sense  or
antisense-VEGF construct. PCR was performed on genomic
DNA isolated from human SGC-7901 gastric cancer cells and
individual clones of transfected cells using a sense primer(a)
that  corresponds  to  the  5’  initial  sequence  of  VEGF  cDNA
insert  (5’GCACCCATGGCAGAAGGAGGAG 3’)  or  an
antisense  primer (b)  that  corresponds  to  the  3’  terminal
sequence (5’TCACCGCCTCGGCTTGTCACATC 3’) and a
primer that corresponds to the SP6 transcription start of the

pCDNA3 expression vector (5’GATTTAGGTGACACTATAG 
3’).  The  PCR  reaction  was  performed  using  standard
protocols  with 30 cycles of 50s at 94 , 50s at 55  and 60s at
72 . Appropriately sized amplification products were verified
by  agarose  gel  electrophoresis.  Negative  controls  lacking
target DNA or containing a nonhomologous plasmid routinely
did not show amplification.

RNA dot blotting
Total RNA was isolated from parental and derivative cell lines
using the Trizol  reagent (GIBCO/BRL ). The samples were
serially diluted in diethyl pyrocarbonate-treated water
containing placental RNase inhibitor (Boehringer Mannheim)
to  produce  working  stocks  with  a  final  concentration  of
10mg·L-1 as spectrophotometrically. Denatured RNA was
immobilized on nitrocellulose membranes (Boehringer
Mannheim). “Run-off” digoxigenin (DIG) labeled riboprobes
specific for the sense or antisense strands of VEGF was
synthesized from appropriately linearized plasmid stocks using
the DIG-RNA labeling kit (Boehinger Mannheim) and
appropriate RNA polymerase (Promega) plus 10U placental
RNase  inhibitor.  The  specificity  of  each  probe  stock  was
verified by hybridization to originating plasmids and negative
controls.  The  blots  were  prehybridized  in  DIG  easy  Hyb
buffer  (Boehringer  Mannheim),  then  hybridized  for  18  hours
at 60  in buffer containing 100µg·L-1 of sense or antisense-
specific  DIG-labeled  probe.  After  hybridization,  the  blots
were washed extensively and the extent of hybridization was
visualized colorimetrically using reagents from the DIG nucleic
acid detection kit, Boehringer Mannheim).

Immunofluorescence staining
Confluent  monolayers  of  parental  and  derivative  cell  lines
were  harvested  in  calcium  and  magnesium  free  Dulbeco’s
phosphate-buffered  saline  (CMF)  supplemented  with
2mmol·L-1  EDTA.  These  stocks  were  pelleted  by
centrifugation,  resuspended  in  ice  cold  CMF  with  10g·L-1

bovine   serum   albumin   and   0.2g·L-1   sodium   azide,
quantitated  for  viability  by  trypan  blue  dye  exclusion,  and
then  diluted  to  a  final  total  viable  cells  concentration  of  1×
109·L-1.  Each  stock  was  then  exposed  to  anti-VEGF  for  1
hour at  4 .  The  cells  were  washed  three  times  with  ice-cold
CMF  with  10g·L-1  bovine  serum  albumin,  then  exposed  to  a
1:20  dilution  of  fluorescein  isothiocyanate-  conjugated  goat
anti-rabbit  IgG  (Boehringer  Mannheim)  for  30  minutes  at
4 .  The  cells  were  washed  twice  in  CMF,  and  extent  of
surface  fluorescence  for  equal  number  subpopulations  of  cells
was   analyzed   by   fluorescence-activated   cell-sorting
(FACSTAR;  Becton  Dickinson)  analysis.

In vitro growth rate
Human gastric cancer cells SGC-7901 and its transfected ones
with  sense  or  antisense  VEGF  were  cultured  at  4×104  cells
and grown under standard culture conditions. Cell counts were
performed  on  a  hemocytometer,  initially  at  12h  time  points,
and  then  every  24h  for  a  total  of  at  least  140h.  The  total
number of cells from duplicate experiments was determined as
a function of time (h), and the rate of division was calculated
from the exponential phase of growth.

In vivo tumor analysis
Adult  male  or  female  (nu/nu)  mice  (5 - 8  weeks  of  age)
received  s.c.  injections  of  SGC-7901  gastric  cancer  cells  or
SGC-7901  gastric  cancer  cells  transfected  with  the  sense-
VEGF or antisense-VEGF constructs. Approximately 106 cells
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resuspended in a volume of 100µL of serum free cell culture
medium  were  s.c.  injected  into  the  dorsa  of  mice.  The  mice
were monitored daily, and tumor sizes were determined by
tridimensional calliper measurements. Tumor volume was
calculated   as   1/2×length×width   2  (mm3).   Mean   tumor
volumes  were  calculated  from  measurements  performed  on
five mice in each of two individual experiments. The animals
were  killed  33  days  later.  s.c.  tumors  were  removed  from
mice,  formaldehyde  fixed,  and  paraffin-embedded.  Five  µm
thick sections were cut and mounted on glass slides. The
sections were stained with hematoxylin and eosin[16-18].

RESULTS
VEGF and KDR expressions in human gastric cancer tissues
Among  50  formalin-fixed,  paraffin-embedded  surgically
resected tissue specimens of gastric carcinoma, 10 specimens
were composed of two different histological type cancer cells,
most of which were poorly differentiated adenocarcinoma and
mucinous cell carcinoma. Normal gastric mucosa was not
immunoreactive  with  an  anti-VEGF  antibody.  VEGF  was
mainly localized to the cytoplasm or the membrane of the
carcinoma  (Figure 1).  Tumor  cells  that  stained  strongly  for
VEGF were observed more often in the invasive front than in
the tumor center. Weakly positive VEGF staining was seen on
some endothelial cells. VEGF expression was detected in 25
(50%) tumors. KDR was mainly localized in the cytoplasm or
the membrane of vascular endothelial cells in gastric cancer
tissue and peri-cancerous tissue (Figure 2). In 2 cases of 50
specimens,  the  gastric  cancer  cells  expressed  KDR,  localized
in the cytoplasm and membrane (Figure 3).

Figure 1 Immunohistochemical staining for VEGF in adenocarcinoma
tissues of the stomach. The positive signal  was found mainly on the

surface and in the cytoplasm of gastric cancer cells. ×400
Figure 2    Immunohistochemical  staining  for  flk-1/ KDR   in
undifferentiated cancer tissues of the stomach. The positive signal was
found on the surface of endothelial cells. ×100
Figure 3   Immunohistochemical  staining  for  flk-1/ KDR  in
adenocarcinoma tissues of the stomach. It was found mainly on the
surface and in the cytoplasm of gastric cancer cells. ×200

Cloning of the sense and antisense VEGF Cdna
The VEGF165  insert  was  cleaved  from  pGEM-3Zf(+)  by
restriction enzymes digestion and cloned into the same
restriction sites of the eukaryotic expression vector, pCDNA3.
Restriction enzyme mapping and dideoxy sequencing assay
performed on DNA from transformed clones demonstrated the
presence of the VEGF165 cDNA insert cloned in the sense and
antisense orientation in the pCDNA3 vector (Figure 4).

Figure 4    PCR analysis of SGC-s-hVEGF and SGC-as-hVEGF.
a. SGC-s-hVEGF/SP6+b; b. PCR marker; c. SGC-s-hVEGF/SP6+
a; d. SGC-as-hVEGF/SP6b; e. SGC-as-hVEGF/SP6+a

SGC-7901 gastric cancer cells expressing sense or antisense
VEGF
Following transfection of human SGC-7901 gastric cancer cells
with the sense or antisense VEGF construct (or vector alone
control) and subsequent antibiotic selection, individual clones
were isolated and grown in 24-well culture plates. Polymerase
chain  reaction  (PCR)  analysis  of  DNA  isolated  from  these
clones revealed that the positive clones had the sense or
antisense VEGF construct. A selection of these clones were
then  re-cloned  at  the  level  of  one  cell/well,  and  the  PCR
analysis was repeated to confirm expression of the cDNA.

VEGF levels in SGC-7901 cells by stable transfection with sense
and antisense VEGF constructs
To  better  determine  whether  VEGF  plays  a  functional  role  in
the oncogenesis of gastric cancer, gastric cancer cells were
transfected with sense or antisense VEGF expression vector,
and the effect on the growth of tumor was evaluated. Stable
integration of expression constructs into G418-resistant
subclones was shown by PCR-based approach that utilized SP6
and VEGF-specific primer pairs and genomic DNA (see
Methods). Introduction of the VEGF antisense construct into
SGC-7901  cells  resulted  in  a  markedly  reduction  in  the
expression  of  VEGF-specific  mRNA  by  dot  blot  analysis  in
SGC-7901/as hVEGF compared with the parental cell line.



Conversely, the expression of VEGF in mRNA level was
enhanced in SGC-7901 cells transfected with the sense-VEGF
construct.   Alterations   in   total   cellular   VEGF   after
transfection with sense or antisense constructs were
accompanied by similar changes in cell surface VEGF protein
as determined by flow cytometer analysis (Figure 5).

Figure 5 Changes in cell surface VEGF protein as deter mined by
flow cytometer immunofluorescence  staining analysis.
(A) Flow cytometric detection of VEGF changes of control. (B) Flow
cytometric detection of VEGF changes of SGC-7901. (C) Flow
cytometric detection of VEGF changes of SGC/s-hVEGF. (D) Flow
cytometric detection of VEGF changes of SGC/as-hVEGF.

In  vitro  growth  properties  of  parental  and  derivative  cell
lines
The sense-VEGF cell lines and antisense-VEGF cell lines
appeared phenotypically indistinguishable from normal SGC-
7901  gastric  cancer  cells  and  SGC-7901  transfected  vector
alone cells, and  the growth rates of the derivative cell lines
were identical to that of normal SGC-7901 cells (Figure 6).

Figure 6 The growth curve of different transfectant.

In vivo growth of parental and derivative cell lines
Control human SGC-7901 gastric cancer cell, sense and
antisense-VEGF cell lines were s.c. injected into nude mice, and
tumor  volumes  were  measured  daily  for  the  duration  of
the   experiments.   Tumor   growth   was   detectable   and
measurable  by  8  days  postimplantation.  At  this  time  point,
the  parental  cells,  sense-VEGF  cells,  and  antisense-VEGF
cells  had  produced  tumors  of  13.25 ± 3.58 mm3,  13.46±6.04
mm3  and  12.46 ± 3.01 mm3.  There  were  no  significant
differences between their volumes(P>0.05).  After 18 days
postimplantation, however, the tumors from the sense-VEGF
cell  lines  begun  to  grow  more  quickly  than  that  from  the
parental  cells,  but  the  growth  rate  of  tumors  from  the
antisense-VEGF  cell  lines  become  slow.  At  33  days
postimplantation,  sense-VEGF,  SGC-7901,  and  antisense-
VEGF  cell  lines  produced  tumors  of  2350.50 ± 637.70 mm3,
1534.40  ±  362.88  mm3,     and     345.40  ±  136.31  mm3,
respectively   (Figure  7).   At   this   time   point,   the   tumor
inhibiting rate was 77% through antisense inhibition. Sections
of tumors were observed for their degree of tissue necrosis and
vascularization.  The  results  demonstrated  that  there  was
higher degree of necrosis in the tumors of the antisense-VEGF
cell lines in comparison to tumors produced by control SGC-
7901 cells, and the number of blood vessels observed in the
tumors derived from the sense VEGF cell lines was higher.

Figure 7 The volume of tumors in nude mice (n=5/ group) s.c.
developing from s.c. injection totaling 1.4×106 cells/ animal of the
different transfectants.

DISCUSSION
Chemotherapy  is  the  main  treatment  for  patients  with
malignant  tumor  not  to  be  resected,  however,  acquired
resistance to chemotherapy is a major problem during cancer
treatment.  One  mechanism  for  drug  resistance  is
overexpression of the MDR (multidrug resistance)1 gene
encoding the transmembrane efflux pump, P-glycoprotein (P-
gp). In recent years, it has attracted much attention and has
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been studied as a mechanism of multidrug resistance of tumors
to anticancer drugs, however, the application of most agents
with the capacity to reverse multidrug resistance (MDR) via
modulation of the multidrug transporter P-glycoprotein (Pgp)
was shown to be associated with toxic side-effects[19-21]. In
addition to it, the heterogenerous of tumor may caused some
trouble for choosing sensitive agents. Take altogether, many
attempt were made to search for notoxic agents aiming at a
common target. Neovascularization is critical for supporting
the rapid growth of solid tumors. Tumor angiogenesis appears
to be achieved by the expression of angiogenic agents within
solid tumors that stimulate host vascular endothelial cell
mitogenesis and possibly chemotaxis[22-25]. One such protein,
vascular endothelial growth factor, or vascular permeability
factor, is a selective endothelial cell mitogen and angiogenic
agent induced by several growth factors and cytokines, and
elevated   expression   of   either   the   Ras[26,27],   Raf[28],   Src[29],
or  mutant  P53[30]  oncogenes  and  hypoxia[31-33]  characteristic
of rapidly growing solid tumors. VEGF was over expressed in
many solid tumors, including breast[34], ovarian[35], lung[36],
esophageal[37], and colon[38] cancer. These data suggest a
potential role for VEGF in the oncogenesis of solid tumor.
       VEGF-positive rate   was   50%   in   human   gastric   cancer
tissues, and it was mainly localized to the cytoplasm and
membrane  of  the  tumor  cells,  while  KDR  was  mainly  localized
in the endothelial cells. This finding indicated that VEGF
might have paracrine effect upon the endothelial cells to
promote angiogenesis. In 50 specimens, of 2 cases in which
the gastric cancer cells expressed VEGF and its receptor
KDR, suggesting that VEGF might have an autocrine effect
upon the gastric cancer cells themselves. Analysis of human
gastric cancer tissue sections has shown that they are highly
heterogeneous[39-41]. The cellular profile of each individual is
also heterogeneous in that they contain cells at varying stages
of malignancy and have growth factor/receptor expression
profile that differ markedly[42-48].
      The current study provides a more direct evidence that
VEGF  plays  a  role  in  the  growth  of  gastric  cancer.  Reduction
of  VEGF  mRNA  and  protein  levels  through  antisense
inhibition significantly lowered the growth rate of the tumors
from  antisense-VEGF  cell  lines.  Conversely,  elevation  of
VEGF levels after sense transfection resulted in a significant
increase  of  the  growth  rate  of  the  tumors  from  sense  VEGF
cell lines. These results provide strong evidence that VEGF
plays  an  important  role  in  the  oncogenesis  of  the  gastric
cancer.
      A   potential   therapy   based   on   the   interruption   of
paracrine  and/or  autocrine  growth  factor  pathways  that
impinge  upon  the  tumor  cells  themselves  might  well  prove  to
be  a  successful  antitumor  approach[49-53].  Exploiting  the
ubiquity  of  tumor  angiogenesis  as  a  suitable  target  for  therapy
has  been  proposed  previously  to  be  an  important  concept  for
antitumor  therapy[54].  This  concept  has  recently  been  the
subject  of  renewed  interest  in  the  development  of  new
therapeutic  strategies.    Significant  evidences  are  accumulating
in  favor  of  the  notion  that  VEGF  and  its  receptor  play
important  roles  in  the  development  of  solid  tumors,  such  as
those  derived  from  gastric  cancer  origin.
      Much  indirect  evidences  indicate  that  VEGF  is  an
important  participant  in  tumor  biology[11,12,55,56].  We  now
provide  direct  evidence  that  VEGF  plays  an  important  role  in
the  growth  of  gastric  cancer.  VEGF  might  have  mainly
paracrine  effect  upon  the endothelial cells to promote
angiogenesis[57-62],  and  it  might  have  an  autocrine  effect
upon the gastric cancer cells themselves. The inhibition of
VEGF is sufficient to control tumor growth in vivo by the

suppression of tumor neovascularization[63-69]. The antisense
VEGF strategy offers a new avenue of gene therapy
development  as  an  adjuvant  treatment  for  human  gastric
cancer[70-76].
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