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Abstract

Purpose VEGFR is involved in complex biological pro-

cesses, including inflammation and cancer development,

progression and metastasis. Many proteins, including

VEGFR, are proteolytically released from the surface of

cells by a process known as ectodomain shedding. The aim

of this study was to assess the expression of soluble

VEGFR1 (sVEGFR1) in the serum of patients with colo-

rectal cancer (CRC).

Methods Sixty-two serum samples from healthy controls

and 88 samples from patients with different stages of CRC

were included in this study. The total protein concentration

(TPC) was measured using a Bio-Rad protein assay, and

the expression and concentration of sVEGFR1 was deter-

mined by a Western blot analysis and enzyme-linked

immunosorbent assay, respectively.

Results No significant difference in the serum TPC of

patients with and without CRC was seen. The relative

s-VEGFR1 expression and concentration of sVEGFR1 in

the serum of patients with CRC were significantly

increased compared to those in controls (P \ 0.001).

Conclusions The results of this study suggest that VEG-

FR1 shedding may provide a reliable and practical indi-

cator of the malignant potential, tumor progression and

overall tumor burden. The findings also suggest that

sVEGFR1 might be involved in the pathophysiology of

CRC, and the detection of serum sVEGFR1 may be useful

in classifying CRC.
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Introduction

Colorectal cancer (CRC) is a leading cause of death in the

Western world. It accounts for 6.3 % of all cancer death in

Iran [1]. CRC is the third most common cancer in devel-

oped countries, with 150,000 newly diagnosed patients

each year in the United States [2]. The incidence rates vary

around the world, with the lowest rates in India and the

highest in Japan. The incidence increases sharply with age.

CRC occurs with approximately equal frequency between

the sexes, but rectal cancer can be up to twice as common

in males as in females [3].

The development of a neovascular network has been

shown to be important in the development and progression

of a variety of human solid tumors. Vascular endothelial
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growth factor (VEGF) is a key factor involved in angio-

genesis [4]. Increased serum VEGF levels have been

reported in patients with various types of human cancers

[5]. It has been shown that a high pre-treatment serum

VEGF level is associated with poor response to treatment

and poor survival in small cell lung cancer patients [6].

Several receptor tyrosine kinases have been described as

putative VEGF receptors, including VEGFR1 (also known

as FLt-1), VEGFR2 and VEGFR3, which are expressed in

endothelial cells. These receptors play a key role in blood

vessel formation [7]. VEGF acts primarily via two high

affinity receptors; VEGFR1 and VEGFR2. VEGFR1 and

VEGFR2 exist in both membrane-fixed and soluble forms

(sVEGFR1 and sVEGFR2). VEGFR1 binds to VEGF with

substantially higher affinity than VEGFR2. The soluble

form of VEGFR1 is expressed due to the alternative

splicing of VEGFR1 mRNA, which encodes its extra cel-

lular domain, containing one to six immunoglobulin-like

domains of VEGFR1 [8].

sVEGFR1 is considered to play a key role in a number

of physiological and pathological conditions. It also serves

as a surrogate marker for acute myelogenous leukemia

cancer progression [9]. Anti-angiogenic therapy changes

the concentration of circulating VEGF and sVEGFR1–3,

with some of these being identified as potential biomarkers

of the response to treatment and the toxicity of the treat-

ment [10]. However, it has been shown that surveillance of

VEGF and its receptors cannot predict the response to

chemotherapy [11].

Despite the clear physiological importance of

sVEGFR1, little is known about the source of circulating

sVEGFR1 and the molecular mechanism(s) involved in its

generation. The soluble ectodomain of cell surface

receptors is produced either via alternative mRNA splic-

ing, or via the proteolytic cleavage of the ectodomain

from the cell surface following ligand-induced downreg-

ulation, as has been shown for various receptor tyrosine

kinases, including c-kit, HER2 and c-Met [12]. Although

sVEGFR1 is generally considered to be produced by the

alternative splicing of FLT1 mRNA encoding the VEG-

FR1 protein, whether it may also originate as a conse-

quence of the proteolytic cleavage of VEGFR1 has not

yet been studied [13]. The activation of protein kinase C

and metalloproteinase/tumor necrosis factor-a-converting

enzyme (ADAM/TACE) family metalloproteinases has

been suggested to play a key role in the ectodomain

shedding of several cell surface receptors, and inhibition

of PKC blocks the production of sVEGFR1 in lymphoma

cells [14]. It has also been shown that a2,3-sialylated

type-2 chain structures were predominantly expressed in

colorectal tissues associated with the malignant transfor-

mation, and particularly with the lymphatic spread, of

distal colorectal adenocarcinomas [15].

A variety of integral membrane receptors, including

VEGFR, can be released from the lipid bilayer by prote-

olysis to form soluble, truncated proteins. The proteases

that generate the soluble forms of membrane proteins are

predominantly metalloproteinases or serine proteinases.

The soluble receptors are smaller, consisting of the extra-

cellular origin of the membrane-bound receptor, and are

generally able to bind to the ligand, but with reduced

affinity [16]. The aim of this study was to analyze the

levels of soluble sVEGFR1 in the serum of patients with

different stages of CRC.

Materials and methods

Patient samples

After informed consent, a total of 62 samples of serum from

healthy control subjects and 88 samples from patients with

different stages of CRC were collected. Samples were age

matched between the two groups, and the patients ranged in

age between 48 and 78 years. None of the patients suffered

from known diabetes mellitus, earlier diagnosed tumors or

infections. The serum samples were frozen immediately and

stored at -70 �C until they were used.

The total protein concentration and Western blot

analysis

The total concentration of proteins in the serum was

determined by a Bio-Rad protein assay based on the

Bradford dye procedure. For the Western blot analysis,

serum samples were mixed with a sample buffer containing

3.2 % SDS, 15 % glycerol, 2.8 M b-mercaptoethanol and

0.0015 % bromophenol blue. Samples were applied to

10 % SDS-PAGE gels (Bio-Rad, Milan, Italy) according

to Laemmli, and the proteins obtained were transferred to

nitrocellulose membranes, with a pore size of 0.45 lm

(Bio-Rad). After incubation for 2 h at room temperature in

the blocking solution (PBS containing 5 % skim milk), the

nitrocellulose sheets were exposed overnight to an anti-

soluble VEGFR-1 antibody (Life Technologies, UK) at

4 �C, and the binding was observed using a peroxidase-

labeled mouse IgM PK 4010 Vectastain Avidin Biotin

complex kit (Vectorlab, Peterborough, UK). The peroxi-

dase activity was revealed with diaminobenzidine (0.5 mg/

ml in PBS with 0.02 % hydrogen peroxide). The b-tubulin

expression was also determined as a protein loading con-

trol. After Western blotting, the data were quantified by

scanning densitometry. The densitometric analysis was

performed by scanning immunoblots and quantitating the

protein bands using an image analyzer software program

(Metaview Software, UK).
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Analysis of the sVEGFR1 concentration by ELISA

The sVEGFR1 concentration in serum was measured using a

sensitive two-site enzyme-linked immunosorbent assay

(ELISA) and antiserum against human sVEGFR1. Microtiter

plates (Dynatech, Chantilly, VA, USA) were first coated with

80 ng of primary anti-sVEGFR1 antibody per well in 0.1 M

Tris buffer. After overnight incubation, the plates were blocked

with EIA buffer (50 mM Tris, pH 7.5, 0.3 M NaCl, 0.1 %

Triton X-100, 1 % BSA and 1 % gelatin). The samples and

standards were placed in triplicate wells and incubated over-

night at room temperature. After washing the wells, a biotin-

ylated secondary antibody (8 ng/ml) was added to each well,

and another incubation was carried out overnight at room

temperature. b-Galactosidase coupled to avidin was then

added, and after 2 h, was followed by washing. Finally,

200 l lM 4-methylumbelliferyl-b-galactoside (Sigma, Poole,

UK) in 50 mM sodium phosphate, and 10 mM MgCl2 buffer

were added, and the amount of fluorescence was measured after

a 40-min incubation at 37 �C using a fluorimeter (Dynatech).

Statistical analysis

All data presented are expressed as the mean ± standard

error of the mean (SEM). The statistical analysis was

performed using a one-way ANOVA to test for the sig-

nificance of differences among the groups, and only values

of P B 0.05 were considered to be significant.

Results

Total protein concentration

The total protein concentration in the serum from patients

with CRC and normal subjects was determined by the

Bio-Rad protein assay based on the Bradford dye mixture.

The results demonstrated that there were no significant

differences in the serum samples, regardless of the stage of

CRC (serum levels of 66.53 ± 7.63, 66.80 ± 8.13,

66.25 ± 6.69, 66.86 ± 6.69 and 66.26 ± 8.94 g/l were

observed in patients with stage 0, I, II, III and IV CRC,

respectively) compared to controls (66.06 ± 8.07 g/l)

(Fig. 1).

Analysis of the sVEGFR1 expression by a Western blot

analysis

A Western blot analysis using an anti-sVEGFR1 antibody

as a probe confirmed the presence of sVEGFR1 in all

samples from both healthy subjects and patients with CRC

(Fig. 2a). Since sVEGFR1 was detected in all samples

analyzed in this study, sVEGFR1 appears to be a constant

component of the serum. An image analyzer was used to

determine the intensities of the bands in the respective

lanes. The relative serum sVEGFR1 level in patients with

CRC and normal subjects was then determined. The

quantification of the Western blot gels from repeated

experiments showed that the amount of sVEGFR1 was

significantly increased in the serum of patients with dif-

ferent stages of CRC compared with that of normal con-

trols (P \ 0.05) (Fig. 2b).

Analysis of the sVEGFR1 concentration by ELISA

Using ELISA, it was observed that the concentration of

serum sVEGFR1 in the patients with CRC was higher than

that in normal subjects. Confirming the findings of the

Western blot analyses, all serum samples had sVEGFR

expression, however, a significant increase in protein

expression was observed in CRC patients (serum levels of

Fig. 1 The total protein

concentration in the serum of

normal subjects and patients

with different stages of CRC

(g/L). No significant difference

was seen in the total protein

concentration between the

groups (P [ 0.05). The error

bars indicate the SE of the mean

for the control, stage 0, stage I,

stage II, stage III, stage IV and

stage V groups which included

62, 15, 14, 15, 15, 14 and 15

patients, respectively
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130.33 ± 12.08, 147.73 ± 11.29, 158.33 ± 11.92,

169.73 ± 14.51 and 186.06 ± 11.96 ng/ml in patients with

stages 0, I, II, III and IV CRC, respectively) compared to

controls (115.80 ± 11.00) (Fig. 3).

Discussion

The present study indicated that there is an elevated

sVEGFR1 concentration in the serum of patients with

different stages of CRC compared to that in normal sub-

jects. VEGFR1 is a single transmembrane glycoprotein,

which is expressed in vascular endothelial cells at rela-

tively high levels [17]. Hypoxia is a key regulator of

VEGFR1 gene expression. Hypoxia leads to increased

production of hypoxia-inducible factor that acts as a key

regulatory transcription factor responsible for adaptive

cellular changes [18]. As noted above, the alternative

splicing of VEGFR1 results in a short soluble form of

VEGFR1, which binds VEGFA [8]. It was shown that in

endothelial cells, VEGFR1 or sVEGFR1 may act as

VEGFA decoys, serving to spatially control physiological

angiogenesis. sVEGFR1 has also been implicated in vas-

cular maturation [19, 20].

A

B

Fig. 2 a The expression of

serum sVEGFR1 from the

controls (lane 1) and patients

with different stages of CRC

(lane 2 = stage 0, lane

3 = stage 1, lane 4 = stage 2,

lane 5 = stage 3 and lane

6 = stage 4). The b-tubulin

(50 kDa) expression was

determined as a protein loading

control. b The signal intensities

from the controls and patients

with different stages of CRC

from the immunoblotting

experiments were determined

by a densitometric analysis. The

error bars indicate the standard

error of the mean for the

control, stage 0, stage I, stage II,

stage III, stage IV and stage V

groups, which included 62, 15,

14, 15, 15, 14 and 15 patients,

respectively

Fig. 3 The sVEGFR1

concentration in the serum

samples from controls and

patients with different stages of

CRC (ng/ml). A significant

increase in the serum sVEGFR1

level was seen in the CRC

patient samples compared with

normal controls. The error bars

indicate the standard error of the

mean for the control, stage 0,

stage I, stage II, stage III, stage

IV and stage V groups, which

included 62, 15, 14, 15, 15, 14

and 15 patients, respectively
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Novel cancer treatments are costly and show variable

effects in patients. Therefore, biomarkers are used to

identify or predict responders among the patient popula-

tions. Reliable biomarkers may also be used to define the

optimal drug dose and reduce side effects. High intratu-

moral and/or circulating VEGFA expression levels corre-

late with a poor prognosis of several cancers. For example,

high intratumoral VEGFA expression in hepatocellular

carcinoma indicates a poor outcome [21]. High VEGFA, in

combination with high levels of its receptors, indicates

poor prognosis in breast cancer. Of note, the sVEGFR1

concentrations are elevated in patients with breast cancer,

where it is associated with a favorable prognosis [22, 23]. It

has also been shown that the concentrations of the VEGF

protein and the soluble forms of the receptors, sVEGFR1

and sVEGFR2, in the serum of breast cancer patients

showed positive correlations with the clinical stage of the

disease. These results point to the usefulness of the

assessment of VEGF and its soluble receptors in the clin-

ical evaluation of patients with breast cancer [24].

It has been shown that VEGFR signaling acts as a direct

growth factor for tumor cells in colitis-associated cancer,

providing a molecular link between inflammation and the

development of colon cancer [25]. We found that the levels

of serum sVEGFR1 were significantly higher in the

patients with CRC compared to the healthy controls.

Moreover, among the CRC patients, the concentration of

sVEGFR1 was significantly higher in patients with more

advanced stages of the disease. The soluble receptor is able

to bind to the ligand, albeit with reduced affinity than the

membrane-fixed receptor [26]. An increased level of

sVEGFR1 in patients with CRC may trigger VEGFR

signaling.

The present results demonstrated that sVEGFR1 appears

to be a constant component of human serum. The results of

this study also suggest that VEGFR1 shedding may provide

a reliable and practical indicator of the malignant potential,

tumor progression and overall tumor burden in patients.

The data also indicated that sVEGFR1 might be involved

in the pathophysiology of CRC, and the detection of serum

sVEGFR1 may be useful in classifying or staging CRC.
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