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Abstract
Background:  Angiogenesis is a key issue in the 
carcinogenesis progression. Gastrointestinal tract (GIT) 
cancer is a multi-stage disease, multifaceted, concerning 
convention of different signaling cascades. Abnormal 
angiogenesis have been related to pathogenesis of tumor. 
Objectives: We hypothesized inter-relationships between 
indices of angiogenesis biomarkers across the spectrum 
of GIT cancer and its relation to the pathogenesis 
and prognosis of the diseases. We also evaluated the 
consequence of estimating these indices in untimely 
tumor recognition. Methods: Forty patients were studied 
and divided into two groups: Group 1 (n=30) with GIT 
cancer and group 2 (n=10) with benign lesion. The cancer 
group subdivided into patients with gastric cancer (n= 12) 
and patients with colorectal cancer (n=18). 20 healthy 
controls (C) were involved in the study. Serum levels of all 
biochemical indices were estimated. Results: Significantly 
high serum levels of studied angiogenic biomarkers were 
detected in patients with GIT cancer compared to C and 
benign group (p<0.000l and p<0.001 for each respectively). 
Their levels being significantly higher in late stage of the 

disease versus early stage and in patients with high tumor 
burden versus patients with low tumor burden with the 
exception of Cathpsin-B and HA that showing no significant 
difference. Positive Significant correlations was present 
between all indices in cancer groups (p<0.001). Also, 
there was significant positive correlations between these 
biomarkers and stage of the tumor (p<0.01).  Conclusions: 
There was a gradation in angiogenesis biomarkers in 
patients with GIT cancer which related to stage and size 
of the tumors. This may reflect the relative roles of these 
biomarkers in the biology of GIT cancer. Their estimation 
may have implications for our understanding of the path-
physiology of tumor, play a novel beneficial roles in early 
tumor detection and targeted tumor therapy by using ant-
angiogenic therapy

Key words: Angiogenesis, Gastric cancer and Colorectal 
cancer.

Introduction
Neoplasms are the second leading cause of death after 
vascular diseases, despite the huge progress in medical 
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sciences in the last 20 years. Recently, gastric cancer 
morbidity has decreased, but mortality is still high (1). It is 
considered the fourth most common cancer and the second 
most frequent cause of cancer-related death, accounting 
for 10.4% of cancer death worldwide (2). Also, colorectal 
cancer represents the fourth commonest malignancy, and 
constitutes a major cause of significant morbidity and 
mortality among other diseases (3). More than 1.2 million 
new cases of colorectal cancer are reported each year 
worldwide (4). Despite the improvements, estimated cure 
rates for patients with advanced stages of cancer remain 
poor. Therefore, it is important to understand the nature 
of these tumors to investigate new therapeutic strategies 
for treatments (2). Moreover, innovative screening tools 
could help detect cancer at early stages and allow curative 
treatment interventions (4). Angiogenesis, the formation 
of new blood vessels from the endothelium of the existing 
vasculature, is fundamental in tumor growth, progression 
and metastasis. The complex network of tumor blood 
microvessels guarantees adequate supply of tumor cells 
with nutrients and oxygen and provides efficient drainage 
of metabolites (5).

Numerous pro- and antiangiogenic molecules, their 
ligands, and intracellular signaling pathways have been 
identified. Several initial clinical trials gave no convincing 
evidence for efficient antitumoral therapy by classical 
antiangiogenic agents as monotherapy. This has led to 
the development of new combinations of antiangiogenic 
compounds with chemotherapy (5,6). Tumor cells and 
stromal cells produce various angiogenic factors, including, 
vascular endothelial growth factor (VEGF), platelet-
derived endothelial cell growth factor (PD-ECGF).  VEGF 
is a potent angiogenic agent that acts as a specific mitogen 
for vascular endothelial cell through specific cell surface 
receptors (9). VEGF suppression leads to retrogression of 
neoplastic vessels and tumor growth restriction (10). PD-
ECGF is a non glycosylated single chain polypeptide that 
stimulates chemotaxis for endothelial cells in vitro and 
angiogenesis in vivo and plays a direct role in promoting 
lymphangiogenesis and metastatic spread to lymph nodes 
(11). 

Cathepsins are lysosomal proteinases are associated with 
tumor invasion and metastasis. Elevated expressions 
of cathepsins and diminished levels of their inhibitors 
have been observed in several human cancer (12). IL-
8, a chemokine, is known to possess tumorigenic and 
proangiogenic properties. Over-expression of IL-8 is 

associated with tumor growth, metastasis, chemoresistance, 
angiogenesis and poor prognosis, implying IL-8 to be an 
important therapeutic target (13,14).  

Hyaluronan (HA), a major macropolysaccharide in the 
extracellular matrix of connective tissues, is intimately 
involved in the biology of cancer, It accumulates into the 
stroma of various human tumors and modulates intracellular 
signaling pathways, cell proliferation, motility, invasion, 
tumor growth and metastasis (15). NO has been the focus 
of cancer study for its function in tumorigenesis, tumor 
progression and death. The effects of NO on tumor cells 
are multifaceted, but many details underlying these effects 
are not yet well understood (16,17). We hypothesized the 
changes in serum levels of VEGF, PD-ECGF, Cathpsin-B, 
HA, IL-8 and NO across the spectrum of GIT cancer and 
their relationships to the pathogenesis of cancer. We also 
clarified the consequence of estimating these indices in 
untimely tumor recognitions.

Pathological angiogenesis is a hallmark of cancer and vari-
ous ischaemic and inflammatory diseases. Concentrated ef-
forts in this area of research are leading to discovery of a 
growing number of pro- and anti- angiogenic molecules. 
The complex interaction among these molecules are now 
beginning to be elucidated and understanding this integra-
tion is leading to the development of a number of exciting 
and bold approaches to treat cancer (6). The aim of the pres-
ent study was to evaluate the angiogenic factors (VEGF, 
PD-ECGF, Cathpsines, IL-8, HA and NO) in patients with 
gastric and colorectal cancer and determine their relation-
ship with the clinico-pathological parameters, early tumor 
detection and targeted tumor therapy by using antiangio-
genic therapy which thought to be a promising approach to 
cure cancer.  
 
Material and Methods
Study protocol
The study was approved by the ethics committee of Faculty 
of Medicine, Assiut University, Egypt and informed con-
sents were obtained from patients and controls. The case 
control study includes 40 patients with gastro-intestinal 
tumors who were selected from South Egypt Cancer Insti-
tute in Assiut University, Assiut, Egypt. They were divided 
into 2 groups according to the type of the tumor: Group 
1: patients with malignant tumor (n=30). Group 2: patients 
with benign tumor (n=10). The malignant group subdivid-
ed into two subgroups: patients with gastric cancer (n=12), 
and patients with colorectal cancer (n=18). In addition, 
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20 healthy controls of matched age and sex were matched 
from subjects attended to annual physical check up without 
evidence of any tumors. Complete medical history, physi-
cal examination, and routine investigations were done for 
all participants. All patients were subjected to abdominal 
computer tomography, magnetic resonance imaging and 
upper and lower endoscopy when required. The GIT can-
cer was classified according to TNM staging system (18). 
TNM combinations correspond to one of five stages: Stage 
0: carcinoma in situ, stage I: cancer is limited to the or-
gan in which it began, stage II: indicate large tumor size 
spread to the muscle layer of the organ, stage III: indicate 
large tumor size which spread beyond the organ to nearby 
lymph node or adjacent organs, Stage IV: The cancer has 
spread through blood or lymph to another organs. In ad-
dition they were classified according to the size of cancer 
into high tumor burden (>6x6 cm) and low tumor burden 
(≤6x6 cm). Primary tumors in other organs, hereditary can-
cer syndrome, previous malignancy, previous radiotherapy 
or chemotherapy were excluded from the study.  

Estimation of Biochemical Indices
Fasting 10 ml of blood sample were collected by vein 
puncture under complete aseptic condition. Samples were 
allowed to clot for 30 minutes and centrifuged at 1000 g for 
10 minutes. Serum was collected and stored at -70 ºC in 6 
aliquots till time of assay.  Serum VEGF levels were mea-
sured with Qauantikine ELISA Kite, (Cat. no. DVEOO, R 
and D system, Minneapolis, MN), according to the meth-
od of He et al., (19).  Serum PD-ECGF levels were de-
termined chemically according to the method of Scocca, 
(20). Also, serum Cathepsin-B levels were determined 
chemically according to the method of Barrett (21,22). 
Serum levels of IL-8 were measured with ELISA kit (cat. 
No. 2237, Immunotech, France). Serum levels of HA were 
determined chemically by the methods of Greiling, (23). 
In this method, hylauronate lyase degrades hyaluronan 
qualitatively to an unsaturated disaccharide leading to the 
liberation of N-acetyl-glucosamine end groups. These can 
be determined colorimetrically by the Morgan-Elson reac-
tion, which depends on the formation of a red dye. When 
N-acetyl-glucosamine is heated in alkali, it produces furan 

Table 1.  Clinical and demographic data in patients with malignant tumor (G2), benign tumor (G1) and healthy controls (C).

Biomarkers
Healthy controls

C
(n=20)

Benign tumor
G1

(n=10)

Malignant tumor
G2

(n=30)
P value

Age (years) 44 (15) 41 (19) 47(18) 0.26

Sex (% male) 9 (45%) 6 (60%) 14 (46.7%) 0.322

Family history (%) No 1 (10%) 3 (10%) <0.01

Smoking (%) 0 3 (30%)* 5 (16.7%)Ω 0.001>

Diabetes (%) 0 2 (20%)* 5 (16.7%) Ω <0.001

Hypertension (%) 0 3 (30%)* 7 (23.3%) Ω <0.001

Data presents as mean (standard deviation) or as percentage.  P value by ANOVA or chi-squared (sex, diabetes, etc). ΩP <0.05 
(Tukey’s test compared to G2). Ω G2 significantly higher compared to G1and C (P<0.001). *G1 significantly higher compared to C 
(P<0.05).



 Ibnosina Journal of Medicine and Biomedical Sciences (2013)

Ibnosina J Med BS 199

derivatives that react with p-dimthylamine benzaldhyde 
producing a red dye. The concentration was calculated by 
reference to a standard hyaluronan.  NO levels were de-
termined colorimetrically as total nitrite and nitrate as de-
scribed by van Bezooijen et al. (24). The samples were 
deproteinized with ZnSO4(30%), and colour developed by 
reaction with Griess reagent (1% sulfanlamide, 0.1% naph-
thylenediamine dihydrochloride, w/v in 2.5% H3PO4) was 
recorded at 550 nm against reagent blank using sodium ni-
trite 10-100 Mmol as standard.  

Statistical analysis
It was performed using SPSS statistical program Version 
14. Following application of the Shapiro-Wilkes test to de-
termine a normal distribution, non-categorical data distrib-
uted normally are expressed as mean (standard deviation) 

and data distributed non-normally are expressed as median 
(interquartile range). Categorical data are analysed by the 
chi-squared test was used to compare between qualitative 
data.  Continuously variable data are analysed by ANOVA 
or the Kruskal-Wallis test. Mann Whitney test was used to 
compare between two groups. Spearman correlation coef-
ficient was used to study the relation between variables. P< 
0.05 was considered as statistically significant.

Results
Demographic characteristics
There were no significant difference in regard to the age 
and sex between patients and controls (Table 1). Patients 
with malignant and benign tumors showed high incidence 
rates of smoking, diabetes mellitus and hypertension.

Table 2. Serum levels of various biochemical indices in patients with malignant tumor (G2), benign tumor (G1) and healthy 
controls (C).

Healthy Controls 
C

N=20

Benign group 
G1

N=10

Cancer group
G2

N=30

Significance

    P=value

VEGF (pg/ml) 193 ± 17 298 ± 35 595 ±168
C versus  G1   0.00**
C versus  G2    0.00**
G1 versus G3     0.00**

IL8 (ng/ml) 82 ± 11 141 ± 14 296 ± 82
C versus G1   0.00**
C versus  G2   0.00**
G1 versus G2    0.00**

NO (Mmol/l) 5 ± 1 7 ± 9 16 ± 4
C versus  G1   0.04*
C versus  G2   0.00**
G1 versus G2     0.00**

PD/ECGF (nmol/ml) 27 ± 9 71 ± 7 154 ± 41
C versus  G1   0.00**
C versus  G2    0.00**
G1 versus  G2     0.00**

Cathepsin B (nmol/L) 7 ±  2 8 ± 1 20 ± 6
C versus  G2  0.00**
G1 versus  G2   0.00**
G1 versus  G2     NSβ

HA(mg/L) 23 ± 5 27 ± 4 73 ± 25
C versus  G2  0.00**
G1 versus  G2   0.00**
G1 versus  G2     NSβ

Data presented as (mean ±SD), P value by Kruskall-Wallis.: Comparisons between the 3 groups by one-way ANOVA with Tukey’s  
test .P**  value in G2 significantly higher compared to G1 and C (p<0.0001),  Pβ value in  G2 compared to G1 in HA and Cathepsin 
B (p=NS).
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Concentration of biochemical indices in GIT cancer
All biochemical parameters were significantly higher in 
patients with benign and malignant tumors compared with 
controls (Table 2). Also, these parameters were significant-
ly higher in malignant compared to benign group with the 
exception of cathpsin-B and HA that showing no significant 

difference.  The serum levels of various biochemical indi-
ces in different stages of cancer are summarized in table 3. 
Stage I and II were considered as early stage, and stage III 
and IV as late stage. The levels of VEGF, IL-8, NO, PD-
ECGF, Cathpsin-B, and HA were significantly elevated in 
late stage as compared with early stage of the tumor. The 

Table 3. Serum levels of various biochemical indices in different stages of cancer

Early stage (I, II)
N=13

Late stage (III, IV)
N=17

Significance
P-value

VEGF (pg/ml) 458 ± 100 701 ± 142 0.001***

IL8 (ng/ml) 228 ± 48 347 ± 69 0.01**

NO (Mmol/l) 13 ± 3 18 ± 3 0.01**

PD/ECGF (nmol/ml) 122 ± 28 178 ± 35 0.001***

Cathepsin B (nmol/L) 15 ± 3 23 ± 6 0.01**

HA(mg/L) 47 ± 20 86 ± 24 0.01**

Data presented as (mean ±SD), P value by Kruskall-Wallis. Comparisons between the two groups by Mann–Whitney test. 
P***value   of PD/ECGF and VEGF are significantly higher in late stage compared to early stage (P<0.0001). P**value of NO, 
Cathepsin B, IL8 and HA are significantly higher compared to early stage (P<0.01).

Table 4. Serum levels of biochemical indices in gastric and colorectal cancer

Gastric cancer
N=12

Colorectal cancer 
N=18

Significance
P-value

Age (years) 43 ± 22 38 ± 17 0.67

VEGF (pg/ml) 612 ±162 582 ± 162 0.56

IL8 (ng/ml) 297 ± 87 295 ± 81 0.89

NO (Mmol/l) 16 ±3 16 ± 4 0.87

PD/ECGF (nmol/ml) 158 ± 40 153 ± 40 0.34

Cathepsin D (nmol/L) 21 ± 6 20 ± 6 0.77

HA(mg/L) 80 ± 26 69 ± 23 0.46

Data presented as (mean±SD). Comparison between the two groups by Mann Whitney test. No significant difference between two 
groups of cancer (P>0.05).
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Table 5. Serum levels of biochemical indices in high and low tumor burden.

Parameters High tumor burden
HB (N=9)

Low tumor burden
LB (N=7) P value

VEGF  (pg/ml) 686.0 ± 76.6 559.5 ± 99.4 < 0.05

PD-ECGF nmol/ml) 172.5 ± 23.8 145.3 ± 23.9 < 0.05

Cathepsins  (nmol/L) 21.2 ± 4.5 18.2 ± 4.5 0.56

IL-8  (ng/ml) 335.6 ± 56.6 280.6 ± 63.1 < 0.05

HA (mg/L) 79.4 ± 25.2 67.2 ± 18.1 0.76

NO  (Mmol/L) 17.2 ± 2.2 16.7 ± 3.4 < 0.05

Data presented as (mean ±SD), Comparisons between the2 groups by Mann Whitney. P value in LB group significant compared to 
HB group (P<0.05). No significant  difference between LB group compared to HB group (p>0.05)

Table 6. Correlations between the studied parameters in cancer groups.

Cancer group
N=30 STAGE VEGF

(pg/ml)
IL8
(ng/ml)

NO
(Mmol/l)

PD/ECGF
(nmol/ml)

CATHEPSIN
(nmol/ml)

HA
(mg/L)

VEGF (pg/ml) r=.651(b)
p=.000

IL8 (ng/ml) r=.624(b)
p=.001

r=.945(b)
p=.0001

NO (Mmol/L) r=.611(b)
p=.001

r=.763(b)
p=.0001

r=.801(b)
p=.0001

PD/ECGF
(nmol/ml)

r=.579(b)
p=.002

r=.945(b)
p=.000

r=.937(b)
p=.000

r=.727(b)
p=.0001

CATHEPSIN B
(nmol/L)

r=.474(a)
p=.015

r=.858(b)
p=.000

r=.897(b)
p=.000

r=.708(b)
p=.000

r=.939(b)
p=.000

HA (mg/L) r=.509(b)
p=.008

r=.799(b)
p=.000

r=.800(b)
p=.000

r=.728(b)
p=.000

r=.841(b)
p=.000

r=.877(b)
p=.000

BURDEN N.S r=.629(a)
p=.028 N.S N.S N.S N.S r=.757(b)

p=.004

Spearman colorations between all indices, a Correlation is significant at the 0.05 level, b Correlation is significant at the 0.01 level.
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serum levels of all biochemical parameters show no signifi-
cant differences between gastric and colorectal cancer (Ta-
ble 4).  In addition, there were significant elevation of the 
serum levels of VEGF, PD-ECGF, IL-8 and NO, in patient 
with high tumor burden as compared with patients with low 
tumor burden (Table 5). 

Correlation Between Biochemical Indices and Tumor 
Characteristics
There was significant positive correlation between the se-
rum levels of VEGF, PD-ECGF, cathepsin-B, IL-8, HA and 
nitric oxide (Table 6). Also, there was significant positive 
correlation between the above biochemical parameters and 
stages of tumors. On the other hand, there was no signifi-
cant correlation between these parameter and patients with 
high or low tumors burden with the exception of VEGF and 
HA that showing significant positive correlation (Table 6).

Discussion
In the present study, serum levels of various biochemical in-
dices were significantly higher in GIT malignant tumors in 
comparison with controls and benign tumors group. More-
over, their levels being significantly higher in late stage 
versus early stage and in patients with high tumor burden 
versus low tumor burden with the exception of Cathpsin-B 
and HA that showing no significant difference. 
Higher levels of VEGF have been reported in patients with 
gastric cancer than in healthy controls (25,26). In agree-
ment with our findings, VEGF serum levels correlated with 
tumor grade and size (25).  Similarly, serum levels of VEGF 
were significantly higher in patients with colorectal cancer 
than controls (27) and this marker and its receptors were 
expressed at high levels in metastatic human colon carcino-
mas (28). Consequently, VEGF is recognized as a promi-
nent angiogenic factor in colon carcinoma. Assessment of 
VEGF expression may be useful for predicting metastasis 
and high levels of VEGF expression were associated with 
advanced cancer stage and related to unfavorable progno-
sis (28). VEGF expression was reported to be significantly 
higher in tumor area than non-tumor area and this levels re-
flected tumor stage and used as a poor prognostic parameter 
(29). Preoperative estimation may be used for evaluating 
the biological behavior, invasion and metastasis of gastric 
and colorectal carcinoma and may help for identify patients 
with poor prognosis (30).
 
PD-ECGF has been reported as significantly higher in ma-
lignant than control group and the increased expression was 
present with increase in depth of invasion (31). This could 

be attributed to the insufficient perfusion to areas of the tu-
mor resulting in the existence of hypoxia, glucose depletion 
and low PH. Secretion of PDGF by gastric carcinoma cells 
and expression of its receptors by tumor-associated stromal 
cells are associated with lymphatic metastasis (11).  There-
fore, blocking the receptors signaling pathway may inhibit 
node metastasis in gastric cancer.    In case of colorectal 
carcinoma, De Bruin et al (32) reported that, there was in-
creased expression in colorectal tumor tissue compared to 
normal tissue and high levels are a prognostic factor for 
poor survival in this cancer. Using staining techniques PD/
ECGF is often over-expressed in tumor infiltrating cells, 
mainly macrophages, and colon cancer cells themselves. 
Accordingly, expression of this marker by infiltrating cells 
provides an additional alternate mechanism for tumor neo-
vascularization (32).

Cathepsin-B was significantly higher in homogenates of 
gastric cancer tissue than in those of cancer-free samples 
obtained from the same stomach (33), clearly indicating 
that this enzyme is involved in development and growth 
of this disease. In addition, Russo et al. (34) found that, 
cathepsin-B significantly correlated with TNM stage, nodal 
status, histological grade and presence of metastasis and 
patients with poorly differentiated tumors, indicating that 
the synthesis and release of Cathepsin-B is related to bad 
prognosis. In agreement of our findings, Cathepsin-B pro-
tein and its activity levels have been found to be higher in 
both gastric and colorectal cancer (34) and higher activi-
ties of Cathepsin-B have been observed in the initial stages 
of cancer development and higher levels of Cathepsin-B 
have been detected in metastatic versus non-metastatic 
cancer tissue homogenates. They studied the involvement 
of Cathepsin in the invasion, metastasis and proliferation 
of cancer cells. Their results indicated that cancer cells or-
chestrate various Cathepsins to progress malignant disease 
and it may be a potential target for cancer therapy (35). In 
addition, Miyamoto et al. (8) concluded that, this markers is 
highly expressed in GIT tumors compared to its expression 
in other cancerous lesions, this identifies Cathepsins as new 
diagnostic marker for GIT tumors. 

Gastric specimens have been found to contain increased 
IL-8 protein levels and many gastric cancer cell lines ex-
press high levels of IL-8 mRNA and protein (36). In addi-
tion, they found that gastric cancer cells express not only 
IL-8, but also its receptors increases the invasive capacity 
of gastric cancer cells. The may have autocrine/paracrine 
roles in the progressive growth of human gastric cancer 
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(36). Moreover, over-expression of this marker promotes 
the adhesion, migration, invasion and chemo-resistance of 
gastric cancer cells (13,14), indicating that it is an impor-
tant therapeutic target in gastric cancer. The relationship 
of IL-8 in colorectal carcinoma and its levels were signifi-
cantly higher than those normal tissues (37).The level was 
significantly associated with tumor size, depth of infiltra-
tion, stages and liver metastases so it was responsible for 
tumor progression.

Also, a correlation between expression and the develop-
ment of liver metastasis in colorectal cancer (38) suggest-
ing that monitoring the expression may potentially help to 
assess the course of cancerous conditions and its prognosis. 
Moreover, IL-8 is a valuable panel of biomarkers, whose 
detection can be used in early detection and prognosis of 
colon cancer (39). Also, Bünger et al. (4) reported that, the 
screening value of additional blood markers, as IL-8, and 
the potential advantage of combining serum biochip testing 
with fecal occult blood needs to offers an innovative ap-
proach to colorectal cancer screening (4). 

The present findings are in agreement with previous stud-
ies which showed that, NO activity and NO synthesis were 
high in GIT tumor tissue and in plasma (40). Measuring se-
rum nitrate/nitrite concentration has been suggested to have 
potential in estimating the gastric juice nitrate/ nitrite con-
centration which could be useful as a marker for mutagen-
esis (41). Also, inducible nitric oxide synthase expression 
correlates with lymph node metastasis, vascular invasion, 
distant metastasis (3), TNM stage and poor survival rate 
in gastric cancer. They propose that synthesized inducible 
nitric oxide synthase increases angiogenesis, and lymphan-
giogenesis thus promotes tumor progression. 
Inducible NO synthase expression may be a good biomark-
er for poor prognosis in gastric cancer (3).  The levels of 
NO critically modulate the recognition of tumor cells by 
dendritic cells, and proposes a new potential therapeutic 
approach against chemo-immunoresistant tumors (17). On 
the other hand, NO not only inhibit cell growth and prolif-
eration, but also induces apoptosis in GIT cancer and such 
effects of NO showed significant dose-dependant activity 
(16). 

The findings of the present study were in agreement with 
previous reports who found significantly elevated levels of 
hyaluronic acid in GIT cancer patients and its serum levels 
showed fairly good sensitivity for discrimination of gas-
tric cancer patients from controls (41). Additionally, two 

different patterns have been suggested for expression of 
HA in tumors arising from simple and stratified epithelia 
(42). With the first group, such as cancers of the colon and 
stomach, the expression correlates with tumor grade and 
invasiveness. With poorly differentiated tumors and local 
or distant invasion, more cancer cells will be hyalyronan-
positive or have more intense hyaluronan staining. On the 
other hand, early stage cancer arising from stratified epi-
thelia may have increased hyaluronan expression compared 
to normal epithelium, but high-grade aggressive squamous 
cancers are associated with decrease in HA expression (41). 
Sumiya et al. (43) reported that, the intracellular HA bind-
ing protein related to the invasion and metastasis through 
promotion of cancer cell motility through a number of 
pathways including focal adhesion kinase and MAP kinase. 
HA derived from malignant cells educates neutrophils to 
adopt an activated phenotype, and in that way stimulates 
the metastasis of malignant cells, which represents a posi-
tive regulatory loop between tumor and their stroma during 
neoplastic progression (43).

In the present study, there were positive correlations be-
tween different studied indices. These results were in agree-
ment with Brown et al. (44) who suggested that thymidine 
catabolism by PD-ECGF stimulate carcinoma cell secre-
tion of IL-8 and VEGF. Also, Sandhu et al. (45), report-
ed the role of inflammatory cells infiltrating tumor which 
explain the presence of chemotactic factor as IL-8 that 
identified in human gastric and colorectal cancer. Hypoxic 
vascular endothelial cells may be another source of IL-8 
which explain the positive correlation between NO and IL-
8.  Bünger et al. (4) reported that, the assessment of serum 
levels of IL-8, VEGF, and other angiogenic factors could 
be useful for GIT cancer screening with the potential of 
also detecting early stage tumor. Also they found that, the 
usage of additional markers on a multiplex array formats, 
utilizing serum samples, offers an innovative approach for 
cancer screening.

In conclusion, our study reveals a gradation in the angio-
genic biomarkers as VEGF, PD-ECGF, Cathepsin-B, IL-8, 
HA and NO markedly increased in patients with gastric and 
colorectal cancers. The increased levels were observed in 
late stage of cancer and in patients with high tumor burden. 
Accordingly, estimation of these biomarkers may be used 
in early tumor detection and targeted tumor therapy by us-
ing anti-angiogenic therapy which thought to be a promis-
ing approach to cure cancer.



﻿El-Deek S EM et al 	 Angiogenic Biomarkers in Gastrointestinal Cancer

www.ijmbs.org			   ISSN: 1947-489X			         	

204

References
1.	 Partyka R, Gonciarz M, Jalowiecki P, Kokocinska D, 

Byrczek T. VEGF and metalloproteinase 2 (MMP 2) 
expression in gastric cancer tissue. Med Scin Monit. 
2012;18(4):130-4.

2.	 Amedei A, Benagiano M, dlla Bella C, Niccolai E, 
D’Elios MM. Novel immunotherapeutic strategies 
of gastric cancer treatment. J Biomed Biotechnol. 
2011;(27):2011:437348.

3.	 Zhang W, He XJ, Ma YY, Wang HJ, Xia YJ, Zhao ZS 
et al. Inducible nitric oxide synthase expression cor-
relates with angiogenesis, lymphangiogenesis, and 
poor prognosis in gastric cancer patients. Hum Pathol. 
2011;42(9):1275-82.

4.	 Bünger S, Haug U, Kelly M, Posorski N, Klempt-
Giessing K, Cartwright A et al. A novel multiplex-pro-
tein array for serum diagnostics of colon cancer: a case-
control study. BMC Cancer. 2012;12(1):393.

5.	 Eichhorn ME, Kleepies A, Angele MK, Jauch KM, 
Bruns CJ. Angiogenesis in cancer: molecular mecha-
nisms, clinical impact. Langenbecks Arch Surg. 
2007;392:371-9.

6.	 Shojaei F. Anti-angiogenesis therapy in cancer: cur-
rent challenges and future perspectives. Cancer Lett. 
2012;320(2):130-7.

7.	 Kitadai Y. Cancer-stromal cell interaction and tumor 
angiogenesis in gastric cancer. Cancer Microenviron. 
2010;3(1):109-16.

8.	 Miyamoto K, Iwadate M, Yanagisawa Y, Ito E, Imai 
J, Yamamoto M, et al. Cathepsin L is highly ex-
pressed in gastrointestinal stromal tumors. Int J Oncol 
2011;39(5):1109-15.

9.	 Sun W. Angiogenesis in metastatic colorectal cancer 
and the benefits of targeted therapy. J Hematol Oncol. 
2012;(5):63.

10.	 Chekhonin VP, Shein SA, Korchagina AA, Gurina OI. 
VEGF in neoplastic angiogenesis. Vestn Ross Akad 
Med Nauk. 2012;(2):23-33.

11.	  Kodama M, Kitadai Y, Sumida T, Ohnishi M, Ohara E, 
Tanaka M, et al. Expression of platelet-derived growth 
factor (PDGF)-B and PDGF-receptor β is associated 
with lymphatic metastasis in human gastric carcinoma. 
Cancer Sci, 2010;101(9):1984-9.

12.	  Jevnikar Z, Obermajer N, Bogyo M, Kos J. The role 
of cathepsin x in the migration, and invasiveness of T 
lymphocytes. J Cell Sci. 2008;15:121(pt16):2652-61.

13.	 Ning Y, Manegold PC, Hong YK, Zhang W, Pohl A, 
Lurje G, et al. Interleukin-8 is associated with prolif-
eration, migration, angiogenesis and chemosensitivity 

in vitro and in vivo in colon cancer cell line models. Int 
J Cancer. 2011;128(9):2038-49.

14.	 Ju D, Sun D, Xiu L, Meng X, Zhang C, Wei P. Inter-
leukin-8 is associated with adhesion, migration and in-
vasion in human gastric cancer SCG-7901 cells. Med 
Oncol. 2012,29(1):91-9.

15.	 Sironen RK, Tammi M, Tammi R, Auvinen PK,Anttila 
M, Kosma VM. Hyaluronan in human malignancies. 
Exp Cell Res. 2011;317(4):383-91.

16.	 Sang j, Chen y, Tao y. nitric oxide inhibits gastric can-
cer cell growth through the modulation of the AKt 
pathway. Mol Med Report. 2011;4(6):1163-7.

17.	 Kopecka J, Campia I, Brusa D, Doublier S, Matera L, 
Ghigo D, et al. Nitric oxide and P-glycoprotein modu-
late the phagocytosis of colon cancer cells. J Cell Mol 
Med. 2011;15(7):1492-504.

18.	 Sobin LH, gospodarowicz MK, Wittekind Ch. editors.  
TNM Classification of Malignant Tumors. 7th ed, Ox-
ford: Wiley-Blackwell; 2009. 

19.	 He H, Venema VJ, Gu X,Venema RC, Marrero MB, 
Caldwell RB: Vascular endothelial growth factor sig-
nals endothelial cell production of nitric oxide and 
prostacyclin through FLK-1/KDR activation of c-Src. 
J Biol chem. 1999;274(35):25130-5.

20.	 Scocca JJ. Pyrimidine nucleoside phosphorylase 
from haemophilus influenzae. Methods Enzymol. 
1978;51:432-7.

21.	Barrett AJ. Cathepsin D: purification of iso-en-
zymes from human and chicken liver. Biochem J. 
1970;117(3):601-7.

22.	 Barrett AJ. Anew assay for cathepsin B1 and other thiol 
proteinases. Anal Biochem. 1972;47(1):280-93.

23.	 Greiling H. A new colorimetric method for enzymatic 
determination of hyaluronic acid. Z Rheumaforsch., 
1961;20:298-302.

24.	 Van Bezooijen RL, Que I, Ederveen AG, Kloosterboer 
HJ, Papapoulos SE, Lowik CW. Plasma nitrate+ nitrite 
level are regulated by ovarian steroids but do not cor-
relate with trabecular bone mineral density in rats. J 
Endocrinology. 159;(1):27-34.

25.	 Karayiannakis AJ, Syrigos KN, Zbar A, Baibas N, 
Polychronidis A, Simopoulos C et al. Clinical signifi-
cance of preoperative serum VEGF levels in patients 
suffering from colorectal cancer and the effect of tumor 
surgery. Surgery. 2002,131(5):548-55.

26.	Hălmaciu I, Gurzu S, Dobreanu M, Suciu BA, Brlnza-
niuc K. Preliminary results regarding vascular endothe-
lial growth factor (VEGF-A) levels in the serumof gas-
tric cancer patients. Rev Med Chir Soc Med Nat Lasi. 



 Ibnosina Journal of Medicine and Biomedical Sciences (2013)

Ibnosina J Med BS 205

2012;116(2):446-51.
27.	 Kwon KA, Kim SH, Oh SY, Lee S, Han JY, Kim KH, et 

al. Clinical significance of preoperative serum vascular 
endothelial growth factor, interleukin-6 and C-reactive 
protein level in colorectal cancer. BMC Cancer. doi: 
10.1186/1471-2407-10-203

28.	 Liang JF, Wang HK, Xiao H, Li N, Cheng Cx, Zheng 
HX. Relationship and prognostic significance of 
SPARC and VEGF protein expression in colon cancer. 
J of Experm and Clinic Cancer Resear. 2010;29:71.

29.	 Morales-Gutièrrez C, Sbad-Barahona A, Moreno-
González E, Enriquez de Salamanca R, Vegh I. Tumour 
VEGF/ non tumour VEGF protein expression ratio as 
a biomarker for survival in colorectal cancer patients. 
Eur J Surg Oncol. 2011;37(6):526-31.

30.	 Li M, Liu F, Sun P, Gao Y, Chen H,Liu H, et al. Cor-
relation between serum levels of vascular endothelial 
growth factor and endostatin with clinical pathological 
characteristics of patients with gastrointestinal cancers. 
Hepatogastroenterology. 2012;59(118):1865-8.

31.	 Kandil MA, El-Wahed MM, El-Tahmody M. Predic-
tive value of thymidine phosphorylase in gastric carci-
noma. J Egypt Natl Canc Inst. 2004;16(3):159-67.

32.	 De-Bruin M, Temmink OH, Hoekman K, Pinedo HM, 
Peters GJ. Role of platelet derived endothelial cell 
growth factor/thymidine phosphorylase in health and 
disease. Cancer Therapy. 2006;4:99-124.

33.	 Herszényi L, Plebani M, Carraro P, De Paoli M, Rov-
eroni G, Cardin R, et al. Proteases in gastrointestinal 
neoplastic. Clin. Chim. Acta. 2000;291:171-87.

34.	 Russo A, Bazan V, Migliavacca M, Zanna I, Tubiolo C, 
Tumminello FM, et al. Prognostic significant of DNA 
ploidy S-phase fraction and its tissue levels of aspartic, 
cysreine and serine proteases in operable gastric carci-
noma. Clin. Cancer Res. 2000;6:178-84.

35.	 Nomura T, Katunuma N. involvement of cathepsins 
in the invasion, metastasis and proliferation of cancer 
cells. J Med Invest. 2005;52(1-2):1-9.

36.	 Kitadai Y, Haruma K, Mukaida N, Ohmoto Y, Matsuta-
ni N, Yasui W, et al. Regulation of disease-progression 
genes in human gastric carcinoma cells by interleu-
kin-8. Clin Cancer Resear. 2000;6(7):2735-40.

37.	 Terada H, Urano T, Konno H. Association of interleu-
kin-8 and plasminogen activator system in the progres-
sion of colorectal cancer. Eur Surg Res. 2005;37:166-
72.

38.	 Lee YS, Choi I, Ning Y, Kim NY, Khatchadourian V, 
Yang D, Chung HK, et al. Interleukin-8 and its receptor 
CXCR2 in the tumor microenvironment promote colon 

cancer growth, progression and metastasis. Br J Can-
cer. 2012;106(11):1833-41.

39.	 Nastase A, Pâslaru L, Niculescu AM, Ionescu M, 
Dumitrascu T, Herlea V, et al. Prognostic and predic-
tive potential molecular biomarkers in colon cancer. 
Chirurgia (Bucur). 2011;106(2):177-85.

40.	 Kishikawa H, Nishida J, Ichikawa H, Kaida S, Mat-
sukubo T, Miura S, et al. Serum nitrate/nitrite concen-
tration correlates with gastric juice nitrate/nitrite: a 
possible marker for mutagenesis of proximal stomach. 
Digestion. 2011;84(1):62-9.

41.	 Aghcheli K, Parsian H, Qujeq D, Talebi M, Mosapour 
A, Khalilipour E, et al. Serum hyaluronic acid and lam-
inin as potential tumor markers for upper gastrointesti-
nal cancers Eur J Intern Med. 2012;23(1):58-64.

42.	 Tammi RH, Kultti A, Kosma VM, Pirinen R, Auvinen 
P, Tammi ML. Hyaluronan in human tumors: patholog-
ical and prognostic messages from cell-associated and 
stromal hyaluronan. Semin Cancer Biol. 2008;18:288-
95.

43.	 Sumiya I, Shinichi U, Yuka N, Masataka M, Hiroshi K, 
Takaaki A, et al. Prognostic impact of CD168 expres-
sion in gastric cancer. BMC Cancer. 2011;11:106.

44.	 Brown DM, Stone, Findlay P, Mac Nee W, Donaldson 
K. Accumulation of lung lining fluid on ultrafine car-
bone black does not explain its inflammogenicity in 
vivo. Occup Environ Med. 2000;57:685-91.

45.	 Sandhu JK, Privora HF, wenckebach G, Bimbiom 
HC. Neutrophils, nitric oxide synthase, and mutation 
in the mutatect murine tumor model. Am J Pathol. 
2000;156:509-18.

 


