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ABSTRACT
Gastric cancer (GC) has high mortality owing to its aggressive nature. Tumor angiogenesis 
plays an essential role in the growth, invasion, and metastatic spread of GC. The aim of this 
work was to review the angiogenic biomarkers related to the behavior of GC, documented 
in the literature. A search of the PubMed database was conducted with the MeSH terms: 
“Stomach neoplasms/blood [MeSH] or stomach neoplasms/blood supply [MeSH] and 
angiogenic proteins/blood [Major]”. A total of 30 articles were initially collected, and 4 were 
subsequently excluded. Among the 26 articles collected, 16 examined the role of vascular 
endothelial growth factor (VEGF), 4 studied endostatin, 3 investigated angiopoietin (Ang)-
2, 2 studied the Ang-like protein 2 (ANGTPL2), and 1 each examined interleukin (IL)-12, 
IL-8, and hypoxia inducible factor. Regarding VEGF, 6 articles concluded that the protein 
was related to lymph node metastasis or distant metastases. Five articles concluded that 
VEGF levels were elevated in the presence of GC and decreased following tumor regression, 
suggesting that VEGF levels could be a predictor of recurrence. Four articles concluded that 
high VEGF levels were correlated with poor prognosis and lower survival rates. Ang-2 and 
ANGTPL2 were elevated in GC and associated with more aggressive disease. Endostatin was 
associated with intestinal GC. VEGF is the most extensively studied angiogenic factor. It is 
associated with the presence of neoplastic disease and lymph node metastasis. It appears to 
be a good biomarker for disease progression and remission, but not for diagnosis. The data 
regarding other biomarkers are inconclusive.
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Vascular endothelial growth factor A; Recurrence

INTRODUCTION

Gastric cancer (GC) is the fourth most common cancer, responsible for more than 800,000 
deaths worldwide each year. Despite the decline in mortality rates observed in recent 
decades, GC remains second only to lung cancer as a cause of cancer-related deaths. More 
than one million people are newly diagnosed with GC each year, imposing a heavy burden on 
world health services [1].
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The 5-year survival rates are 50% in patients with advanced cancer and 95% in patients who 
are diagnosed early [1]. The high mortality rate is related to the late diagnosis owing to non-
specific manifestations of the disease in the early phases, as well as to its aggressive nature, 
which is associated with mutations of various genes and abnormalities in several growth 
factors and their receptors [2].

Tumor angiogenesis and lymphangiogenesis play an essential role in the growth, invasion, 
and metastatic spread of solid neoplasms by facilitating the delivery of oxygen, nutrients, 
and growth factors to tumor cells. Angiogenesis is regulated by certain essential molecules. 
Vascular endothelial growth factor (VEGF) is one of the most important factors driving 
tumor angiogenesis. The VEGF family consists of 7 members: VEGF-A, VEGF-B, VEGF-C, 
VEGF-D, VEGF-E, VEGF-F, and placental growth factor (PlGF). These proteins act through 
specific tyrosine kinase receptors (VEGF receptor 1 [VEGFR1], VEGFR2, and VEGFR3), 
expressed primarily on endothelial cells. Most of these molecules are transported by platelets 
and released into serum after platelet degranulation during blood clotting; only a small 
proportion circulate freely in the bloodstream [3].

In 1971, Folkman [4] established the importance of angiogenesis in tumorigenesis. He 
suggested that tumor growth and expansion are closely related to the development of a 
network of blood vessels within a tumor. Thus, the blocking of angiogenesis can be a good 
strategy to prevent tumor growth.

Endostatin is an endogenous tumor angiogenesis inhibitor. It inhibits tumor angiogenesis and 
metastasis by limiting tumor blood supply, thereby depriving tumors of nutrients, and has been 
considered as a potential anticancer marker in the treatment of malignant tumors [5].

Angiopoietins (Ang) are thought to be important factors in vascular maturation and 
stability during angiogenesis [6]. Of the 4 Ang proteins identified (Ang-1 to Ang-4), the 
best characterized are Ang-1 and Ang-2. They are both ligands of Tie-2, a receptor expressed 
on endothelial cells, and they play critical roles in angiogenesis. Binding of Ang-1 to Tie-2 
maintains and stabilizes mature vessels by promoting interactions between endothelial cells 
and the surrounding extracellular matrix. Ang-2 shows context-dependent, proangiogenic, 
and antiangiogenic activities [7].

In recent years, a significant focus on the identification of biomarkers for early detection 
of GC has been observed. In the present report, the authors performed a literature review 
regarding the role of angiogenic biomarkers in GC.

SEARCH METHODS

A PubMed search was conducted focusing on angiogenesis in GC. The MeSH database was 
searched with the terms: “Stomach neoplasms/blood [MeSH] or stomach neoplasms/blood 
supply [MesH] and angiogenic proteins/blood [Major]”.

A total of 30 articles were initially collected. Four articles were subsequently excluded 
from this review: one was excluded because the subject of the study was neuroendocrine 
carcinomas, and no GCs were examined; another paper was excluded because it was a letter 
to the editor; another because the article was written in Romanian; and another was excluded 
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because it evaluated the most suitable compartment for the assessment of VEGF, and thus it 
did not study the molecule itself. Ultimately, 26 studies were included in the analysis.

TUMOR MARKERS

The main results of the selected studies are listed in Table 1. Conventional tumor markers 
do not allow diagnosis of GC with adequate sensitivity and specificity; their use is limited 
to prognosis and follow-up recommendations [8]. However, several studies presently 
underway are attempting to establish new molecules as tumor markers [9]. Currently, 
preoperative staging relies on imaging studies, but these modalities cannot confirm 
or exclude the presence of metastatic lymph nodes. This is a very important issue in 
determining the ideal treatment for an individual, such as the choice of gastrectomy vs. 
submucosal resection [10,11].

VEGF FAMILY

In the study of Wang et al. [10], the level of VEGF-C in serum was demonstrated to be higher 
in patients with lymph node metastasis (P<0.001) and with distant metastasis (P<0.001). 
VEGF-C and VEGF-D are both ligands for VEGFR-3 on the surface of lymphatic endothelial 
cells and act as regulators of lymphangiogenesis; these had been reported to be important 
factors in stimulating lymphangiogenesis and lymphatic metastasis [12]. Similarly, Tsirlis 
et al. [11] verified that in the preoperative period, VEGF-C levels were lower and VEGF-D 
levels were higher in patients with cancer when compared with controls (P<0.001). In the 
postoperative period, VEGF-C levels increased and VEGF-D levels decreased compared 
with the preoperative level (P<0.001). Serum VEGF-C and VEGF-D levels were identified as 
statistically significant independent predictors of the presence of GC (P<0.001). The VEGF-C/
VEGF-D ratio was found to be the most potent predictor of malignancy (P<0.001). Wang et 
al. [13] found that the serum VEGF-C level was significantly higher in patients with GC than 
in controls (P<0.001). VEGF-C positive expression was higher in GC tissue (P=0.001) and 
in areas of higher lymph vessel density (P<0.001). There was a positive correlation between 
serum VEGF-C and lymph node metastasis (P<0.001). The group of patients with VEGF-C 
positive expression had a shorter mean survival time. High expression of VEGF-C may be 
used as a biomarker for the development of GC and may predict unfavorable survival rates. 
It appears that VEGF-C produced by cancer cells may increase the expression of VEGFR-3 on 
lymphatic endothelial cells and promote the formation of new lymphatic vessels [13].

As part of a search for angiogenic activators and their receptors, Kikuchi et al. [14] concluded 
that VEGF levels were higher in patients than in controls, but interestingly, VEGFR-1 and 
VEGFR-2 levels were lower. VEGF showed the greatest sensitivity and specificity as a marker 
associated with intestinal-type cancer, while VEGFR-1 showed the highest sensitivity and 
specificity for early GC and VEGFR-2 showed the greatest sensitivity and specificity for 
diffuse-type and advanced cancer.

VEGF is stored in alpha granules and released upon platelet activation during clotting, while 
peripheral blood cells such as platelets, granulocytes, and lymphocytes also express VEGF 
[15]. Accordingly, some researchers have used VEGF per platelet count to correct for the 
variation of serum VEGF levels in cancer patients with different platelet counts. Seo et al. 
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[16] compared advanced GC with early cancer. Serum VEGF levels were higher in advanced 
cancer, and a positive correlation was observed between serum VEGF and platelet counts 
in these patients (P<0.001). Overall survival (OS) (P=0.040) and progression-free survival 
(P=0.010) were shorter in patients with high serum VEGF per platelet count.

4https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e1

Gastric Cancer and Angiogenesis

Table 1. Main results of selected studies
Study/author Year No. Molecule Conclusion Values
Wang et al. [10] 2012 80 patients 

0 controls
VEGF-C Preoperative diagnosis of lymph node 

metastasis and distant metastasis (P<0.001).
- Cut-off value of 542.5 pg/mL.
- Sensitivity of 82.5%, specificity of 92.3%.

Tsirlis et al. [11] 2010 40 patients 
40 controls

VEGF-C and 
VEGF-D

Detection and staging in GC (P<0.001). -  VEGF-C cut-off value 1.1 pg/mL, sensitivity 83%, 
specificity 70%.

-  VEGF-D cut-off value 370 pg/mL, sensitivity 
88%, specificity 73%.

-  VEGF-C/D ratio cut-off value 2.7, sensitivity 88%, 
specificity 75%.

Kikuchi et al. [14] 2011 164 patients 
164 controls

VEGF, VEGFR-1, 
and VEGFR-2

VEGF level is elevated in patients with GC, 
VEGFR-1, and VEGFR-2 are reduced compared 
to controls.

-  VEGF cut-off value of 415 pg/mL, sensitivity of 
63.5%, and specificity of 65.1%, for intestinal 
type cancer.

-  VEGFR-1 cut-off value of 46 pg/mL, sensitivity of 
60%, and specificity of 58.6%, for early cancer.

-  VEGFR-2 cut-off value of 8,314 pg/mL, sensitivity 
of 66.3%, and specificity of 61.6%, for advanced 
and diffuse type cancer.

2010 181 patients 
113 controls

VEGF Poor OS and progression-free survival in 
advanced GC.

Sheng et al. [17] 2008 92 patients 
92 controls

VEGF It was higher in GC patients than in healthy 
controls and benign gastric disease.

-  VEGF cut-off value of 217.79 pg/mL, sensitivity of 
40.2%, and specificity of 93.7%, by TR-IFMA.

Association with distant metastases, invasion 
depth of the tumor and tumor stage.

Wang et al. [13] 2007 80 patients 
20 controls

VEGF-C Lymph node metastasis and poor prognosis. -  Serum VEGF-C cut-off value of 367.5 ng/L, 
sensitivity of 85%, and specificity of 80%, for 
GC diagnosis.

-  Serum VEGF-C cut-off value of 542.5 ng/L, 
sensitivity of 82.8%, and specificity of 81.8%, for 
lymph nodes metastasis diagnosis.

Ding et al. [18] 2005 135 patients 
48 controls

VEGF-A Levels were higher in patients with GC 
(P<0.010) and they decreased following 
tumor excision (P<0.001).

Park et al. [19] 2015 381 patients  
(118 Caucasians 

+263 Asians) 
0 controls

VEGF-A and 
VEGFR-2/CD31

Caucasians had a median VEGF-A level 
that was 95% higher than that of Asians 
(P<0.001).
Survival was worse in Caucasians with high 
VEGFR-2/CD31 levels (P=0.038).
These were independent predictors of 
survival only in Caucasians.

Villarejo-Campos 
et al. [3]

2013 59 patients 
0 controls

VEGF Levels decreased after treatment (P<0.010). 
Preoperative levels were independent 
prognostic factor.

-  Preoperative VEGF values over 761 pg/mL were 
associated with shorter patient survival.

Vidal et al. [20] 2009 97 patients 
20 controls

VEGF Higher in patients with GC than controls 
(P=0.002).

-  Serum VEGF over 320 pg/mL was the only 
preoperative predictor of both recurrence and 
disease-specific survival.

Bilgiç et al. [21] 2015 30 patients 
30 controls

VEGF Correlation with the tumor type classification 
and the presence of distant tissue invasion.

Konno et al. [33] 2003 37 patients 
10 controls

VEGF Higher in patients with GC than controls and 
higher in patients with venous invasion.

Blank et al. [34] 2015 76 patients 
0 controls

VEGF Prognostic relevance in patients with primary 
resection (P=0.028).

Park et al. [35] 2014 147 patients 
0 controls

VEGF-A Higher in patients with R1 vs. R0 resection 
(P=0.037).
Significant independent prognostic factor for 
survival (P=0.028).

VEGF = vascular endothelial growth factor; VEGFR = vascular endothelial growth factor receptor; GC = gastric cancer; OS = overall survival; TR-IFMA = time-
resolved immunofluorometric assay; CD31 = cluster of differentiation 31; R1 = circumferential resection with margin involvement; R0 = circumferential resection 
without margin involvement.
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Sheng et al. [17] used a time-resolved immunofluorometric assay (TR-IFMA) to 
measure VEGF levels in blood, instead of a radioimmunoassay (RIA) or enzyme-linked 
immunosorbent assay (ELISA). Compared with these techniques, TR-IFMA is characterized 
by lower detection limits and greater specificity, reproducibility, and practicability. Plasma 
VEGF levels in patients with benign stomach disease were higher than in controls (P=0.040) 
but lower than the levels in patients with GC (P=0.030). Higher VEGF levels were detected 
as the disease stage and the invasion depth of the tumor increased P=0.030 and P=0.040, 
respectively, and in patients with distant metastases P=0.009. There was no significant 
association between VEGF levels and the presence of lymph node metastasis [17].

Ding et al. [18] reported that VEGF-A levels were significantly higher in both serum and 
plasma from patients with GC (P<0.010). Surgical excision of tumors resulted in a significant 
reduction of VEGF-A levels, suggesting that VEGF-A was secreted by the tumor mass.

Park et al. [19] compared gastric carcinoma characteristics and the expression of VEGF-A 
between Caucasian and Asian patients. Caucasian patients had more proximal tumors, a 
higher incidence of vascular invasion, a higher incidence of neural invasion, and a more 
advanced tumor, node and metastasis (TNM) stage. The median level of serum VEGF-A 
in Caucasian patients was nearly twice that observed in Asian patients, and this value 
was associated with significantly poorer survival (P<0.001). Serum VEGF-A level was an 
independent prognostic factor for survival in Caucasian patients but it did not demonstrate 
prognostic value in Asian patients. Patients with higher VEGFR-2/cluster of differentiation 31 
(CD31) levels had significantly worse survival rates. Villarejo-Campos et al. [3] found similar 
results, and demonstrated that serum VEGF levels decreased after treatment in patients 
with high-grade cancers (P=0.010), locally advanced cancers (P=0.030), large number of 
positive regional lymph nodes (P=0.040), and resectable tumors (P<0.010). Preoperative high 
serum VEGF levels >761 pg/mL were associated with shorter patient survival. Preoperative 
serum VEGF and the number of involved lymph nodes were independent prognostic factors. 
Preoperative serum VEGF-C values showed conflicting results.

Vidal et al. [20] evaluated the preoperative serum VEGF and urokinase-type plasminogen 
activator (uPA) levels in patients undergoing GC resection. Serum levels of VEGF in patients 
with GC were significantly higher than in controls (P=0.002). Higher preoperative serum 
VEGF levels were associated with advanced disease (advanced TNM stage, perineural 
invasion, and high lymph node ratio), a lower probability of recurrence-free status (P=0.033), 
and shorter disease-specific survival (P=0.004). No significant findings were observed in 
relation to serum uPA as a prognostic factor.

Other studies corroborated the value of VEGF-A as a GC biomarker. For example, Bilgiç et 
al. [21] found that serum levels of VEGF were correlated with tumor type classification and 
the presence of distant tissue invasion, and Ilhan et al. [22] demonstrated a statistically 
significant increase in VEGF levels directly proportional to the cancer stage (P<0.001). 
Significantly higher VEGF levels were found in patients with cancer than in healthy 
controls, and the increased VEGF levels were not related to infection (P>0.050). Levels of 
malondialdehyde, a reactive compound that occurs naturally in situations of oxidative stress, 
were higher both in patients with GC compared with healthy controls and in patients with 
cancer and infection compared with those with cancer without infection (P<0.001). Levels 
were also significantly elevated in cases of metastasis and invasion of other tissues (P<0.001).

5https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e1

Gastric Cancer and Angiogenesis

http://jgc-online.org


ANG/ENDOSTATIN FAMILY

Procalcitonin and C-reactive protein levels were significantly higher in patients with cancer 
and infection than in patients with GC without infection, and were significantly higher in all 
GC groups than in the control group (P<0.001) [22]. Masiak et al. [23] observed a correlation 
between the histological differentiation and serum concentrations of endostatin (higher 
grades demonstrated higher concentrations of endostatin). However, the same was not 
true for epidermal growth factor (EGF) serum concentrations. The difference between the 
concentrations of endothelial growth factor (EGF) and endostatins in controls and patients 
were not statistically significant.

Ang are ligands of the endothelial cell surface receptor Tie-2. They inhibit Tie-2 and act as 
negative regulators of angiogenesis [7]. Wang et al. [24] performed a review of studies of 
endostatin. The meta-analysis showed an increased level of endostatin in patients with GC 
(P<0.001), a lower serum endostatin level in lower grade tumors (P<0.001), and a higher 
serum endostatin level in lymph node invasion (P<0.001). These results suggest that serum 
endostatin levels might be related to the aggressiveness of GC, could contribute to lymph 
node metastasis, and could be an important prognostic biomarker in predicting the survival 
of patients with metastatic GC.

Koç et al. [25] suggested that serum levels of endostatin were correlated with the histologic 
classification of gastric tumors because higher endostatin levels were observed in intestinal 
type than in diffuse type tumors. Additionally, Woo et al. [26] concluded that pretherapeutic 
serum endostatin (P<0.001) and VEGF (P<0.001) levels were higher in patients with GC. The 
serum endostatin (P<0.001) and VEGF (P=0.001) levels were significantly higher in patients 
with metastasis than in patients without distant metastasis. The levels of endostatin (P<0.001) 
and VEGF (P=0.002) were significantly correlated with the presence of distant metastases. The 
most significant prognostic factor for survival was the disease stage, but patients with a serum 
endostatin level >79.2 ng/mL had a relative risk of dying of 2.4 (P=0.013).

On the other hand, Engin et al. [27] found that concentrations of Ang-2 and Tie-2 were 
significantly higher in patients with GC than in controls, while concentrations of Ang-1 were 
not statistically different between the groups. Concentrations of Ang-1, Ang-2, and Tie-2 were 
not statistically different among the cancer stages. Jo et al. [28] reported that serum Ang-2 
levels were higher in patients than in controls, and that the levels were strongly correlated 
with the presence of positive lymph nodes (P=0.008). Elevated Ang-2 levels and depth of 
tumor invasion were significant predictors of lymph node metastasis.

ANG-LIKE FAMILY

Yoshinaga et al. [29] studied Ang-like protein 2 (ANGPTL2), a protein that regulates 
angiogenesis, and reported that the expression and production of ANGPTL2 were both 
higher in undifferentiated cells (P<0.001 and P<0.050, respectively). Levels of ANGPTL2 
in the serum of patients with GC were higher than those in healthy controls (P<0.010). 
Regarding angiogenic factors that were potential biomarkers for GC, only VEGF expression 
was confirmed in undifferentiated and differentiated cell lines. For the discrimination of 
patients with GC from individuals without cancer, the area under the curve for ANGPTL2 was 
0.774 (P=0.005). Toiyama et al. [30] concluded that serum ANGPTL2 was significantly higher 
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in patients with GC (P<0.050) and that its expression was associated with tumor progression, 
early recurrence (P=0.003), and poor prognosis (P=0.007).

INTERLEUKIN (IL) FAMILY

IL-12 is a cytokine produced by antigen-presenting cells with potent anti-tumor, anti-
angiogenic, and anti-metastatic activities. IL-12 induces type 1 immune response and acts 
as a growth factor for T cells. VEGF inhibits the maturation of dendritic cells, which are the 
main source of IL-12 [31]. Nakayama et al. [32] concluded that IL-12-positive cell density 
significantly decreased in patients with carcinoembryonic antigen (CEA)-positive (P=0.037) 
or differentiated type (P=0.036) tumors. IL-12-positive cell density was not associated with 
serum levels, but tended to be inversely correlated with plasma levels of VEGF (P=0.080). 
Patients with GC with low IL-12-positive cell density or low serum levels of IL-12 might 
require additional immunochemotherapy after surgery [32].

Konno et al. [33] investigated IL-8, a cytokine with mitogenic activity. Plasma VEGF 
levels were higher in patients with GC, and even higher in patients with venous invasion. 
Peripheral levels of VEGF were correlated with the number (P=0.0064) and ratio (P=0.0058) 
of metastatic lymph nodes. IL-8 levels in drainage veins were related to both tumor site and 
lymph node metastases. Shorter disease-free survival was found to be associated with high 
IL-8 levels (>3.65 ng/mL), large tumors (>40 mm), deeply invasive tumors, lymph node 
involvement, and venous invasion.

STUDIES THAT COVER MULTIPLE FAMILIES

Blank et al. [34] studied several proteins. Lower VEGF and follistatin levels in serum were 
correlated with distant metastases (P=0.040 and P=0.002, respectively). Lower follistatin 
levels were also correlated with lymph node metastasis (P=0.031). Lower serum Ang-2 levels 
were correlated with lymph node metastasis (P=0.025). Higher serum VEGF levels were 
associated with positive lymph nodes (P=0.025). The VEGF levels (P=0.011) and the Ang-2/
VEGF ratio (P=0.009) in the tissue were correlated with the extent of tumor regression. The 
Ang-2/VEGF ratio was also associated with clinical response (P=0.029), with a higher ratio in 
patients showing a positive response.

Park et al. [35] also studied a plethora of proteins, and showed higher VEGF-A levels in 
patients undergoing R1 resection compared with those undergoing R0 resection (P=0.037). 
Higher EGF levels were found in patients with poorly differentiated or undifferentiated 
tumors (P=0.020). Higher fibroblast growth factor 2 (FGF2) levels were observed in diffuse-
type and undifferentiated tumors, as well as in extensive nodal disease (P=0.017, P=0.042, 
and P=0.046, respectively). OS was significantly worse in patients with higher levels of 
VEGF-A, hepatocyte growth factor (HGF), EGF, or FGF2. The VEGF-A level was a statistically 
significant independent prognostic factor for OS.

Gao et al. [36] documented that levels of CEA, cancer antigen (CA)-50, CA 19-9, laminin, and 
collagen type IV can be used as a parameter for metastasis and disease progression because 
their levels were significantly higher in patients with metastasis (P<0.050).
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HYPOXIA-INDUCIBLE FACTOR (HIF) FAMILY

HIF-1α is a critical transcription factor that activates the transcription of VEGF under hypoxic 
conditions and promotes tumor cell survival [37]. Hypoxia can also induce p53 that lacks 
its function and shows diminished apoptotic potential [38]. Oh et al. [39] demonstrated 
that p53 and HIF-1α were positively correlated with invasion depth (P=0.015 and P=0.001, 
respectively), and p53 and VEGF levels were correlated with lymph node involvement 
(P=0.040 and P=0.010, respectively). HIF-1α was observed to be a poor prognostic factor for 
disease recurrence or progression (P=0.002).

CONCLUSIONS

High levels of angiogenic and growth factors in serum and tumors are associated with 
worse outcomes in patients with gastric carcinomas. VEGF-A, the most extensively studied 
angiogenic factor, appears to be a useful biomarker for disease progression and remission, 
but not for diagnosis.

REFERENCES

 1. Ferro A, Peleteiro B, Malvezzi M, Bosetti C, Bertuccio P, Levi F, et al. Worldwide trends in gastric cancer 
mortality (1980–2011), with predictions to 2015, and incidence by subtype. Eur J Cancer 2014;50:1330-1344. 
PUBMED | CROSSREF

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

 3. Villarejo-Campos P, Padilla-Valverde D, Martin RM, Menéndez-Sánchez P, Cubo-Cintas T, Bondia-
Navarro JA, et al. Serum VEGF and VEGF-C values before surgery and after postoperative treatment in 
gastric cancer. Clin Transl Oncol 2013;15:265-270. 
PUBMED | CROSSREF

 4. Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J Med 1971;285:1182-1186. 
PUBMED | CROSSREF

 5. Zhuo W, Luo C, Wang X, Song X, Fu Y, Luo Y. Endostatin inhibits tumour lymphangiogenesis and lymphatic 
metastasis via cell surface nucleolin on lymphangiogenic endothelial cells. J Pathol 2010;222:249-260. 
PUBMED | CROSSREF

 6. Fagiani E, Christofori G. Angiopoietins in angiogenesis. Cancer Lett 2013;328:18-26. 
PUBMED | CROSSREF

 7. Maisonpierre PC, Suri C, Jones PF, Bartunkova S, Wiegand SJ, Radziejewski C, et al. Angiopoietin-2, a 
natural antagonist for Tie2 that disrupts in vivo angiogenesis. Science 1997;277:55-60. 
PUBMED | CROSSREF

 8. Marrelli D, Pinto E, De Stefano A, Farnetani M, Garosi L, Roviello F. Clinical utility of CEA, CA 19-9, and 
CA 72-4 in the follow-up of patients with resectable gastric cancer. Am J Surg 2001;181:16-19. 
PUBMED | CROSSREF

 9. Mehta S, Shelling A, Muthukaruppan A, Lasham A, Blenkiron C, Laking G, et al. Predictive and 
prognostic molecular markers for cancer medicine. Ther Adv Med Oncol 2010;2:125-148. 
PUBMED | CROSSREF

 10. Wang TB, Wang J, Wei XQ, Wei B, Dong WG. Serum vascular endothelial growth factor-C combined with 
multi-detector CT in the preoperative diagnosis of lymph node metastasis of gastric cancer. Asia Pac J 
Clin Oncol 2012;8:180-186. 
PUBMED | CROSSREF

 11. Tsirlis TD, Kostakis A, Papastratis G, Masselou K, Vlachos I, Papachristodoulou A, et al. Predictive 
significance of preoperative serum VEGF-C and VEGF-D, independently and combined with Ca19-9, 
for the presence of malignancy and lymph node metastasis in patients with gastric cancer. J Surg Oncol 
2010;102:699-703. 
PUBMED | CROSSREF

8https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e1

Gastric Cancer and Angiogenesis

http://www.ncbi.nlm.nih.gov/pubmed/24650579
https://doi.org/10.1016/j.ejca.2014.01.029
http://www.ncbi.nlm.nih.gov/pubmed/12650605
https://doi.org/10.1023/A:1022590402748
http://www.ncbi.nlm.nih.gov/pubmed/22855190
https://doi.org/10.1007/s12094-012-0908-x
http://www.ncbi.nlm.nih.gov/pubmed/4938153
https://doi.org/10.1056/NEJM197111182852108
http://www.ncbi.nlm.nih.gov/pubmed/20814900
https://doi.org/10.1002/path.2760
http://www.ncbi.nlm.nih.gov/pubmed/22922303
https://doi.org/10.1016/j.canlet.2012.08.018
http://www.ncbi.nlm.nih.gov/pubmed/9204896
https://doi.org/10.1126/science.277.5322.55
http://www.ncbi.nlm.nih.gov/pubmed/11248169
https://doi.org/10.1016/S0002-9610(00)00549-3
http://www.ncbi.nlm.nih.gov/pubmed/21789130
https://doi.org/10.1177/1758834009360519
http://www.ncbi.nlm.nih.gov/pubmed/22524577
https://doi.org/10.1111/j.1743-7563.2011.01490.x
http://www.ncbi.nlm.nih.gov/pubmed/20672317
https://doi.org/10.1002/jso.21677
http://jgc-online.org


 12. He Y, Rajantie I, Pajusola K, Jeltsch M, Holopainen T, Yla-Herttuala S, et al. Vascular endothelial cell 
growth factor receptor 3-mediated activation of lymphatic endothelium is crucial for tumor cell entry and 
spread via lymphatic vessels. Cancer Res 2005;65:4739-4746. 
PUBMED | CROSSREF

 13. Wang TB, Deng MH, Qiu WS, Dong WG. Association of serum vascular endothelial growth factor-C and 
lymphatic vessel density with lymph node metastasis and prognosis of patients with gastric cancer. World 
J Gastroenterol 2007;13:1794-1797. 
PUBMED | CROSSREF

 14. Kikuchi S, Obata Y, Yagyu K, Lin Y, Nakajima T, Kobayashi O, et al. Reduced serum vascular endothelial 
growth factor receptor-2 (sVEGFR-2) and sVEGFR-1 levels in gastric cancer patients. Cancer Sci 
2011;102:866-869. 
PUBMED | CROSSREF

 15. Wartiovaara U, Salven P, Mikkola H, Lassila R, Kaukonen J, Joukov V, et al. Peripheral blood platelets 
express VEGF-C and VEGF which are released during platelet activation. Thromb Haemost 1998;80:171-175.
PUBMED

 16. Seo HY, Park JM, Park KH, Kim SJ, Oh SC, Kim BS, et al. Prognostic significance of serum vascular 
endothelial growth factor per platelet count in unresectable advanced gastric cancer patients. Jpn J Clin 
Oncol 2010;40:1147-1153. 
PUBMED | CROSSREF

 17. Sheng SL, Bao SH, Huang G, Wang LM. Development of time-resolved immunofluorometric assays for 
vascular endothelial growth factor and application on plasma of patients with gastric tumours. Clin Exp 
Immunol 2008;151:459-466. 
PUBMED | CROSSREF

 18. Ding S, Lin S, Dong X, Yang X, Qu H, Huang S, et al. Potential prognostic value of circulating levels of 
vascular endothelial growth factor-A in patients with gastric cancer. In Vivo 2005;19:793-795.
PUBMED

 19. Park J, Seo AN, Yoon C, Ku GY, Coit DG, Strong VE, et al. Serum VEGF-A and tumor vessel VEGFR-2 levels 
predict survival in caucasian but not Asian patients undergoing resection for gastric adenocarcinoma. 
Ann Surg Oncol 2015;22 Suppl 3:S1508-S1515. 
PUBMED | CROSSREF

 20. Vidal O, Metges JP, Elizalde I, Valentíni M, Volant A, Molina R, et al. High preoperative serum vascular 
endothelial growth factor levels predict poor clinical outcome after curative resection of gastric cancer. Br 
J Surg 2009;96:1443-1451. 
PUBMED | CROSSREF

 21. Bilgiç CI, Tez M. Serum VEGF levels in gastric cancer patients: correlation with clinicopathological 
parameters. Turk J Med Sci 2015;45:112-117. 
PUBMED | CROSSREF

 22. Ilhan N, Ilhan N, Ilhan Y, Akbulut H, Kucuksu M. C-reactive protein, procalcitonin, interleukin-6, 
vascular endothelial growth factor and oxidative metabolites in diagnosis of infection and staging in 
patients with gastric cancer. World J Gastroenterol 2004;10:1115-1120.
PUBMED

 23. Masiak W, Szponar A, Chodorowska G, Dąbrowski A, Pedowski T, Wallner G. Evaluation of endostatin 
and EGF serum levels in patients with gastric cancer. Pol Przegl Chir 2011;83:42-47.
PUBMED

 24. Wang ZH, Zhu ZT, Xiao XY, Sun J. Correlation of serum levels of endostatin with tumor stage in gastric 
cancer: a systematic review and meta-analysis. Biomed Res Int 2015;2015:623939.

 25. Koç M, Göçmen E, Kiliç M, Ozbay M, Oktem M, Tez M. Serum endostatin levels in gastric cancer 
patients: correlation with clinicopathological parameters. Hepatogastroenterology 2006;53:616-618.
PUBMED

 26. Woo IS, Kim KA, Jeon HM, Hong SH, Rho SY, Koh SJ, et al. Pretreatment serum endostatin as a 
prognostic indicator in metastatic gastric carcinoma. Int J Cancer 2006;119:2901-2906. 
PUBMED | CROSSREF

 27. Engin H, Ustündağ Y, Ozel Tekin I, Gökmen A. Plasma concentrations of Ang-1, Ang-2 and Tie-2 in gastric 
cancer. Eur Cytokine Netw 2012;23:21-24.
PUBMED

 28. Jo MJ, Lee JH, Nam BH, Kook MC, Ryu KW, Choi IJ, et al. Preoperative serum angiopoietin-2 levels 
correlate with lymph node status in patients with early gastric cancer. Ann Surg Oncol 2009;16:2052-2057. 
PUBMED | CROSSREF

9https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e1

Gastric Cancer and Angiogenesis

http://www.ncbi.nlm.nih.gov/pubmed/15930292
https://doi.org/10.1158/0008-5472.CAN-04-4576
http://www.ncbi.nlm.nih.gov/pubmed/17465468
https://doi.org/10.3748/wjg.v13.i12.1794
http://www.ncbi.nlm.nih.gov/pubmed/21219538
https://doi.org/10.1111/j.1349-7006.2011.01860.x
http://www.ncbi.nlm.nih.gov/pubmed/9684805
http://www.ncbi.nlm.nih.gov/pubmed/20647232
https://doi.org/10.1093/jjco/hyq111
http://www.ncbi.nlm.nih.gov/pubmed/18234057
https://doi.org/10.1111/j.1365-2249.2007.03548.x
http://www.ncbi.nlm.nih.gov/pubmed/15999551
http://www.ncbi.nlm.nih.gov/pubmed/26259755
https://doi.org/10.1245/s10434-015-4790-y
http://www.ncbi.nlm.nih.gov/pubmed/19918848
https://doi.org/10.1002/bjs.6780
http://www.ncbi.nlm.nih.gov/pubmed/25790539
https://doi.org/10.3906/sag-1401-154
http://www.ncbi.nlm.nih.gov/pubmed/15069709
http://www.ncbi.nlm.nih.gov/pubmed/22166241
http://www.ncbi.nlm.nih.gov/pubmed/16995474
http://www.ncbi.nlm.nih.gov/pubmed/16998835
https://doi.org/10.1002/ijc.22216
http://www.ncbi.nlm.nih.gov/pubmed/22449617
http://www.ncbi.nlm.nih.gov/pubmed/19408052
https://doi.org/10.1245/s10434-009-0474-9
http://jgc-online.org


 29. Yoshinaga T, Shigemitsu T, Nishimata H, Takei T, Yoshida M. Angiopoietin-like protein 2 is a potential 
biomarker for gastric cancer. Mol Med Rep 2015;11:2653-2658.
PUBMED

 30. Toiyama Y, Tanaka K, Kitajima T, Shimura T, Imaoka H, Mori K, et al. Serum angiopoietin-like protein 
2 as a potential biomarker for diagnosis, early recurrence and prognosis in gastric cancer patients. 
Carcinogenesis 2015;36:1474-1483.
PUBMED

 31. Voest EE, Kenyon BM, O’Reilly MS, Truitt G, D’Amato RJ, Folkman J. Inhibition of angiogenesis in vivo by 
interleukin 12. J Natl Cancer Inst 1995;87:581-586. 
PUBMED | CROSSREF

 32. Nakayama Y, Inoue Y, Nagashima N, Katsuki T, Matsumoto K, Shibao K, et al. Relationships between 
local and systemic expression of interleukin-12 and plasma levels of vascular endothelial growth factor in 
patients with gastric cancer. Anticancer Res 2004;24:3289-3294.
PUBMED

 33. Konno H, Ohta M, Baba M, Suzuki S, Nakamura S. The role of circulating IL-8 and VEGF protein in the 
progression of gastric cancer. Cancer Sci 2003;94:735-740. 
PUBMED | CROSSREF

 34. Blank S, Deck C, Dreikhausen L, Weichert W, Giese N, Falk C, et al. Angiogenic and growth factors in 
gastric cancer. J Surg Res 2015;194:420-429. 
PUBMED | CROSSREF

 35. Park DJ, Yoon C, Thomas N, Ku GY, Janjigian YY, Kelsen DP, et al. Prognostic significance of targetable 
angiogenic and growth factors in patients undergoing resection for gastric and gastroesophageal junction 
cancers. Ann Surg Oncol 2014;21:1130-1137. 
PUBMED | CROSSREF

 36. Gao ZL, Zhang C, Du GY, Lu ZJ. Clinical significance of changes in tumor markers, extracellular matrix, 
MMP-9 and VEGF in patients with gastric carcinoma. Hepatogastroenterology 2007;54:1591-1595.
PUBMED

 37. Akakura N, Kobayashi M, Horiuchi I, Suzuki A, Wang J, Chen J, et al. Constitutive expression of hypoxia-
inducible factor-1alpha renders pancreatic cancer cells resistant to apoptosis induced by hypoxia and 
nutrient deprivation. Cancer Res 2001;61:6548-6554.
PUBMED

 38. Graeber TG, Osmanian C, Jacks T, Housman DE, Koch CJ, Lowe SW, et al. Hypoxia-mediated selection of 
cells with diminished apoptotic potential in solid tumours. Nature 1996;379:88-91. 
PUBMED | CROSSREF

 39. Oh SY, Kwon HC, Kim SH, Jang JS, Kim MC, Kim KH, et al. Clinicopathologic significance of HIF-1alpha, 
p53, and VEGF expression and preoperative serum VEGF level in gastric cancer. BMC Cancer 2008;8:123. 
PUBMED | CROSSREF

10https://jgc-online.org https://doi.org/10.5230/jgc.2017.17.e1

Gastric Cancer and Angiogenesis

http://www.ncbi.nlm.nih.gov/pubmed/25484242
http://www.ncbi.nlm.nih.gov/pubmed/26420253
http://www.ncbi.nlm.nih.gov/pubmed/7538593
https://doi.org/10.1093/jnci/87.8.581
http://www.ncbi.nlm.nih.gov/pubmed/15515423
http://www.ncbi.nlm.nih.gov/pubmed/12901801
https://doi.org/10.1111/j.1349-7006.2003.tb01511.x
http://www.ncbi.nlm.nih.gov/pubmed/25577146
https://doi.org/10.1016/j.jss.2014.11.028
http://www.ncbi.nlm.nih.gov/pubmed/24370903
https://doi.org/10.1245/s10434-013-3429-0
http://www.ncbi.nlm.nih.gov/pubmed/17708308
http://www.ncbi.nlm.nih.gov/pubmed/11522653
http://www.ncbi.nlm.nih.gov/pubmed/8538748
https://doi.org/10.1038/379088a0
http://www.ncbi.nlm.nih.gov/pubmed/18452596
https://doi.org/10.1186/1471-2407-8-123
http://jgc-online.org

