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Potential Prognostic Value of Circulating Levels of Vascular
Endothelial Growth Factor-A in Patients with Gastric Cancer
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Abstract. Objective: The aim of this study was to evaluate the
potential prognostic value of the circulating levels of vascular
endothelial growth factor-A (VEGF-A) in patients with gastric
cancer. Materials and Methods: An ELISA was used to
quantify the serum and plasma levels of VEGF-A in 135
patients with gastric cancer and 48 controls with benign gastric
diseases diagnosed by gastroendoscopy and histology of the
biopsied specimens. Serum VEGF-A levels were assayed in
controls (n=10) and patients with gastric cancer (n=10) prior
to surgery. Further samples from 16 patients with gastric cancer,
3 weeks after tumour excision, were collected. Results: VEGF-A
levels were significantly higher in both serum and plasma from
patients with gastric cancer than those from the controls
(serum: 342.1 pg/ml vs. 80.0 pg/ml, p<0.01; plasma: 74.1 pg/ml
vs. 23.7 pg/ml, p<0.01). In both cancer patients prior to surgery
and controls, serum VEGF-A levels appeared to be unchanged
over a 7-day period. However, examination of paired samples
from 16 cancer patients collected prior to surgery and 3 weeks
post-surgery showed that tumor excision resulted in a significant
decrease in VEGF-A levels (Paired t-test, t=>5.4, p<0.0001).
Conclusion: Serum and plasma VEGF-A levels were
significantly higher in patients with gastric cancer than in the
controls. Serum VEGF-A levels correlated with tumour burden,
as VEGF-A levels were significantly lowered following tumour
excision in patients with gastric cancer.

Gastric cancer is still the most common malignant tumour
and the leading cause of cancer death in China and it
remains a major public health problem in many other
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countries (1). The poor prognosis of gastric cancer is related
to its aggressive nature, which is determined by the
mutations of various genes and abnormalities in several
growth factors and their receptors (including VEGF-A) (2).
Since the discovery of VEGF-A, its high expression has
been observed in a wide variety of malignant tumor tissues,
VEGF-A being important for tumour angiogenesis and
metastasis (3-5). Elevated levels of VEGF-A were also
detected in serum and other fluids from patients with
gastrointestinal tumours (6, 7). However, little is known
about VEGF-A levels either in serum and plasma from the
same cohort of cancer patients or the effect of surgery on
VEGF-A levels (8, 9). Here, these two issues were
addressed and their clinical significance was evaluated.

Materials and Methods

Patients. Samples from 135 patients with gastric cancer and 48
controls with benign gastric diseases, diagnosed by gastroendoscopy
and histology, were collected at the time of diagnosis prior to any
treatment. Five ml blood samples were drawn by vein puncture
preoperatively and divided into vials without any anticoagulant or
with the anticoagulant EDTA. Within an hour of collection, the
samples were centrifuged at 500 xg for 10 minutes and aliquots were
frozen at -80°C. In addition, serum samples were collected from
10 controls with benign gastric diseases and 10 patients with gastric
cancer prior to surgery. To compare VEGF-A levels in pre- and
post-operative samples, blood samples from 16 patients with gastric
cancer were collected prior to surgery and 3 weeks post-surgery.

ELISA for VEGF-A. VEGF-A was quantified using commercial
sandwich enzyme-linked immunosorbent assay kits (Human VEGF
Quantikine™, R&D Systems, Minneapolis, MN, USA). The OD5, of
samples was measured by BIO-RAD model 550 spectrophotometry
and VEGF-A levels were determined utilizing a standard curve.

Statistical analysis. Statistical analysis was performed using the
STATA Vs, Statistical software package. VEGF-A levels were
compared between different groups using the #-test. P values <0.05
were considered significant.
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Table L. Circulating VEGF-A levels in patients with gastric cancer and in controls with gastric benign diseases.

Patients with No. Plasma VEGF-A p value cancer Serum VEGF-A p value cancer
(pg/ml=S.D) vs. controls (pg/ml=S.D) vs. controls
CSG* 18 20.0+8.6 68.0£23.9
CAG 15 233+12.9 84.4+33.9
GU 15 24.8+16.2 95.4£51.5
TOTAL 48 23.7+£16.9 80.0+36.4
Gastric cancer 135 74.1£96 <0.001 342.1+277.8 <0.0001
*CSG: chronic superficial gastritis; CAG: chronic atrophic gastritis; GU: gastric ulcer.
Table I1. The relationship between circulating VEGF-A levels and clinical features in 135 patients with gastric cancer.
Parameter No. Plasma VEGF-A p value Serum VEGF-A p value
(pg/ml=S.D) (pg/ml=S.D)
Gender
Male 96 81.1+x114.9 >0.05 367.3x£271 >0.05
Female 39 55.8+72 302.2+284.4
Age(year)
<60 36 79.2+75.3 >0.05 339.7£185.1 >0.05
=60 99 71.5+51.5 344.6+199.2
Location
Cadia and fodus 22 58.9%35.7 >0.05 308.7£191.6 >0.05
Body 17 76.6+34.9 384.2+196.9
Antrum 67 68.5+39.4 323.2x158.5
Diffuse 29 95.5+103.6 390.8+257.7
Type of cancer
Early cancer 7 57.9+30.7 >0.05 290.6+154.9 >0.05
Borr. I 10 60.0=39.6 306.4+170.6
Borr. II 55 73.5+38.7 348.4+208.8
Borr. IIT 39 86.8+34.9 412.1+231.3
Borr. IV 24 108.3+£108.1 441.6=137.9
Differentiation
High 20 96.3+103.9 >0.05 388.6+233.8 >0.05
Medium 22 62.5+36.4 318.2+215.8
Low 93 71.5+49.3 339.2+180.3

Borr.: Borrmann’s classification of gastric cancer

Results

Circulating VEGF-A levels in patients with gastric cancer and
controls with benign gastric diseases. VEGF-A levels were
significantly higher in both serum and plasma from 135
patients with gastric cancer compared with 48 controls
(serum: 342.1 pg/ml vs. 80.0 pg/ml, p<0.0001; plasma:
74.1 pg/ml vs. 23.7 pg/ml, p<0.001) (Table I).

Relationship between circulating VEGF-A levels and clinical
features of patients with gastric cancer. Circulating VEGF-A
levels were not significantly affected by sex, age, location of
gastric cancer, type or grade of differentiation (Table II).
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Serum VEGF-A levels in 10 controls and 10 cancer patients
prior to surgery. VEGF-A levels were compared in samples
taken on day 7 and day 1 prior to surgery. The results
showed that serum VEGF-A levels were 264.3+148.2 on
day 7 and 265.2+142.9 pg/ml on day 1 in cancer patients
(p>0.05). In controls, the VEGF-A levels were 71.4+16.2
and 78.0+14.3 pg/ml at the same time-intervals (p>0.05).
These results indicate that VEGF-A levels were stable over
a period of one week in both preoperative cancer patients
and the controls.

Serum VEGF-A levels in pre- and post-operative patients. To
investigate whether VEGF-A levels were associated with
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tumour burden, blood samples were collected before and
three weeks after tumour removal. Data pooled from 16
patients showed that serum VEGF-A levels were 328.4 pg/ml
in preoperative samples, whilst the VEGF-A levels dropped
to 103.5 pg/ml after operation (paired #-test, t=5.4, p<0.0001).

Discussion

Solid tumour remains avascular and dormant, reaching a
maximum diameter of 1-2 mm (10), until it is supplied with
an adequate vascularization (angiogenesis). Tumuor
angiogenesis requires the coordinated action of various
growth factors and their receptors. Among these growth
factors, VEGF-A is the most potent, playing a critical role
in both physiological and pathological angiogenesis. The
degree of angiogenesis is indicative of tumour progression,
therefore the levels of VEGF-A may be of prognostic value
in various malignant diseases. In the current study, we
measured serum and plasma VEGF-A levels by ELISA in
the same cohort of patients with gastric cancer (n=135) and
controls (n=48). Both serum and plasma VEGF-A levels
were significantly higher in patients with gastric cancer than
in the controls (p<0.01). Serum VEGF-A levels were higher
than those in plasma, but were not affected by age, gender,
location, tumour type or degree of differentiation. The
reason that higher VEGF-A levels exist in serum is that
VEGF-A is stored and released from platelets into the
serum. Serum VEGF-A levels in cancer patients and
controls examined one week and one day prior to surgery
were similar, suggesting that our VEGF-A assay is reliable
and the levels of VEGF-A are stable. An important finding
to emerge is that surgical excision of tumours in 16 cancer
patients resulted in a significant reduction in VEGF-A
levels, demonstrating that VEGF-A was secreted by the
tumour mass (9, 11). These patients are being followed-up
to evaluate whether circulating levels of VEGF-A predict
reccurrence and prognosis of the tumour.

Acknowledgements

We would like to thank Professor S. Kumar and Dr C. Li for their
help in the preparation of this manuscript.

References

1 Parkin DM, Pisani P and Ferlay J: Global cancer statistics. CA-
Cancer J Clin 49: 33-64, 1999.

2 Xie K and Huang S: Regulation of cancer metastasis by stress
pathways. Clin Exp Metastasis 20: 31-43, 2003.

3 Ferrara N and Henzel WJ: Pituitary follicular cells secrete a
novel heparin-binding growth factor specific for vascular
endothelial cells. Biochem Biophys Res Commun /61: 851-
858, 1989.

4 Lichtner RB, Wiedemath-M, Noeske-Jurgblut-C and
Schirrmacher V: Rapid effects of EGF on cytoskeletal structures
and adhesive properties of highly metastatic rat mammary
adenocarcinoma cells. Clin Exp Metastasis 77: 113-1251, 1993.

5 Maeda K, Chung YS, Ogawa Y, Takatsuka S, Kang SM, Ogawa
M, Sawada T and Soma M: Prognostic value of vascular
endothelial growth factor expression in gastric carcinoma.
Cancer 77: 858-863, 1996.

6 Kraft A, Weindel K and Oehs A: Vascular endothelial growth
factor in the sera and dffusions of patients with malignant and
nonmalignant disease. Cancer 85: 178-187, 1999.

7 Hyodo I, Dio T, Endo H, Hosokawa Y, Nishikawa Y, Tanimizu
M, Jinno K and Kotani Y: Clinical significance of plasma
vascular endothelial growth factor in gastrointestinal cancer.
Eur J Cancer 34: 2041-2045, 1998.

8 Yoshikawa T, Tsuburaya A, Kobayashi O, Sairenji M,
Motohashi H, Yanoma S and Eoguchi Y: Plasma concentrations
of VEGF and bFGF in patients with gastric carcinoma. Cancer
Lett 753: 7-12, 2000.

9 Karayiannakis J, Konstantinos N, Alexandros Polychronidis,
Zbar A, kouraklis G, Simopoulos C and Karatzas G: Circulating
VEGTF levels in the serum of gastric cancer patients. Ann Surg
236: 37-42, 2002.

10 Folkman J: Tumor angiogenesis: therapeutic implication. N
Engl J Med 285: 1182, 1971.

11 Poon RT, Fan ST and Wong J: Clinical implications of
circulating angiogenic factors in cancer patients. J Clin Oncol
19: 1207-1225, 2001.

Received July 2, 2004
Accepted February 4, 2005

795



