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Abstract. Vascular endothelial growth factor A (VEGF-A) 
is a key regulator of angiogenesis that binds to the receptors 
VEGFR-1 and VEGFR-2. It is well known that VEGF-A levels 
are increased in colorectal cancer (CRC) tissue compared to 
normal colorectal tissue, but little is known regarding the 
expression of the VEGFR-1 and -2 receptors. The aim of 
the present study was to perform a quantitative analysis of 
VEGFR-1 and -2 at the mRNA and protein level in tumour 
and normal colorectal tissue from CRC patients. Tissues were 
collected from 110 patients who underwent surgical resection 
for CRC. Receptor status was analysed at the gene expression 
level by real time RT-PCR using β-2-microglobulin and 
β‑actin as reference genes. Protein analysis was performed 
using the ELISA technique. Gene expression and protein con-
centrations of VEGFR-1 and -2 were significantly increased in 
CRC tissue compared to normal colorectal tissue (P<10-6 for 
both receptors). An association between the gene expression 
of VEGFR-2 in CRC tissue and disease stage was detected 
(P=0.055). Significant correlations were also found between the 
gene expression of VEGFR-1 and -2 in CRC tissue and normal 
colorectal tissue (P<10-4). The gene expression and protein 
concentrations of VEGFR-1 and -2 were increased in CRC 
tissue compared to normal colorectal tissue, indicating that 
both receptors are important in CRC. The clinical implications 
of these findings require further investigation.

Introduction

Malignant tumours have the ability to induce the formation of 
new capillaries from pre-existing blood vessels. This is neces-
sary for sustained tumour growth (1). The vascular endothelial 

growth factor (VEGF) system is essential to angiogenesis, 
and targeting this system has shown promising results (2,3). 
However, because of the toxicity and price of such treatment, 
reliable predictive markers are urgently needed, and a deeper 
understanding of the biology of the system is required.

The VEGF family includes several ligands, of which 
VEGF-A is the most important. VEGF-A binds to two specific 
receptors, VEGFR-1 (Flt-1) and VEGFR-2 (KDR or Flk-1). These 
receptors are mainly expressed on endothelial cells, though 
they are also found on a wide range of other cells, including 
cancer cells. VEGFR-1 and -2 are transmembraneous tyrosine 
kinase receptors; binding of the ligand leads to the dimeriza-
tion of the receptors, and the activation of their intracellular 
tyrosine kinase domains. This results in the phosphorylation 
and activation of several downstream signalling pathways, 
and eventually the migration, proliferation and survival of 
endothelial cells and the formation of new capillaries (4,5).

It has been demonstrated in several studies that VEGF-A 
gene expression and protein concentrations are increased in 
colorectal cancer (CRC) compared to normal colorectal tissue 
(6-9), and that VEGF-A may be a prognostic marker for the 
disease (10). Recently, VEGF-A gene expression and protein 
concentration was demonstrated to have possible predictive 
value regarding CRC response to chemotherapy and radio-
therapy (11-14). 

In contrast, little is known regarding the biological dif-
ferences between tumour and normal tissue in terms of the 
VEGF receptors and their possible clinical relevance. The 
issue is of considerable interest, as an elucidation of the 
receptors may serve as the basis for further development of 
targeted therapies. 

The aim of the present study was to perform a quantitative 
analysis of VEGFR-1 and -2 at the mRNA and protein level in 
tumour and normal tissue from CRC patients. To the best of our 
knowledge, this is the first report on the quantitative analysis 
of these receptors at the protein level in CRC patients.

Materials and methods

Patients. The study included 110 patients with CRC undergoing 
surgical resection of histologically confirmed adenocarcinomas 
of the colon or rectum at the Department of Surgery, Vejle 
Hospital, Denmark. Patients who had received preoperative 
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chemoradiation of rectal cancer were excluded. Pre-treatment 
examinations included a chest X-ray and a US or CT scan of 
the abdomen. Post-operatively, the tumours were histologi-
cally classified according to the TNM system. The study was 
approved by the The Danish Scientific Ethical Committee of 
Southern Denmark according to Danish law, and informed 
consent was obtained from all patients enrolled in the study.

Tissue sampling. Immediately after surgery, the resected 
bowel segment was transferred to the Department of Clinical 
Pathology. Tumour and normal mucosa samples were collected 
by a dedicated pathologist. Normal samples were removed 
as far away from the tumour as possible. Samples for RNA 
analysis were placed in RNAlater (Qiagen, Mainz, Germany) 
for further processing and stored at -20˚C. Samples for protein 
analysis were fresh frozen and stored at -80˚C. All samples 
were stored within 30 min of surgical removal.

Tumour tissue is a mixture of tumour and stroma cells, 
thus representing the tumour and its microenvironment. Based 
on pathological examination, it was estimated that the tumour 
tissue used in the present study consisted of at least 80% 
tumour cells.

RNA isolation and cDNA synthesis. Tissue samples stabilised 
in RNAlater were homogenised using the FASTPrep system 
(MP Biomedical, Solon, OH, USA). Total RNA was isolated 
using the RNeasy mini kit (Qiagen, MD, USA). Laboratory 
procedures were performed in accordance with the manufac-
turer's instructions. RNA quantification was performed using 
Spectrophotometry (Eppendorf, Hamburg, Germany). cDNA 
was synthesised using random hexamer primers and an 
M-MLV RT kit from Invitrogen following the manufacturer's 
instructions.

VEGFR mRNA analysis. The choice of reference genes was 
initially validated in 7 samples of normal tissue and 8 samples 
of tumour tissue. Six different reference genes were tested: 
β-2-microglobulin (B2M), succinate dehydrogenase complex 
(SDHA), ATP synthase (ATP5B), β‑actin (ACTB), ubiquitin C 
(UBC) and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). Results were analysed using Normfinder (www.mdl.
dk). B2M showed the least variation between the two tissues, 
and ACTB the second least. Further analysis showed an 
improvement using the two reference genes; therefore, the 
combination of B2M and ACTB was selected. Normalization 
was performed using the geometrical mean of the two refer-

ence genes. The assays used were: Human B2M Endogenous 
Control (FAM / MGB Probe, Non-Primer Limited), Part 
Number 4333766F, and Human ACTB Endogenous Control 
(FAM / MGB Probe, Non-Primer Limited), Part Number 
4333762F. Pre-manufactured assays were used (Applied 
Biosystems, Foster City, CA, USA).

mRNA analysis was performed using the ABI PRISM 
7900 HT fast real-time PCR system (Applied Biosystems) 
according to standard procedures. All tests were run in trip-
licate. Standards and controls were analysed along with the 
samples. Standards used in the VEGFR-1 analysis consisted 
of an RNA mixture from ten different cancer cell lines from 
qPCR Human Reference Total RNA (HRTR) (Stratagene, La 
Jolla, CA, USA). RNA from Human Dermal Microvascular 
Endothelial Cells (CADMECs) (Cell Applications Inc., USA) 
was used for the VEGFR-2 analysis. Two different standards 
were necessary because the gene expression of VEGFR-2 
was very low in the HRTR RNA, as was that of VEGFR-1 
in the CADMEC RNA. The standard curves were generated 
on the basis of eight different dilutions of the standards. 
Positive controls consisting of a known amount of RNA and 
negative controls were included at the cDNA synthesis step 
and served as controls for cDNA synthesis. As the control for 
PCR analysis, pooled cDNA from tissue samples added to the 
analyses at the PCR step was used. 

Primers and probes were designed using Primer Express 
version 3.0 (Applied Biosystems). Tests of the primers and 
probes regarding the recognition of genomic DNA showed 
no gene amplification of genomic DNA. PCR products were 
analysed using gel electrophoresis. The VEGFR-1 and -2 
products were 96 and 132-bp long, respectively. Only the 
expected PCR products were detected. The assay did not detect 
the soluble counterpart of VEGFR-1, sVEGFR-1. Primer and 
probe sequences are listed in Table I. 

Extraction of proteins. Tissue samples (10-50 mg), were 
homogenised using the ultra-turrax system (Ika, Germany) at 
4˚C, with 10 volume (w/v) buffer (20 mM Tris-HCl, 150 mM 
NaCl, pH 7.4, 1 mM EDTA, 10% glycerol and protease inhibitor 
cocktail) (cat. no. P8340; Sigma-Aldrich, USA). Triton X-100 
was added after homogenisation at a final sample concentration 
of 1% (v/v) for the stabilisation of membrane-bound proteins. 
The Triton X-100 was only used under the protein extraction 
process, and hence did not affect the binding capacities of the 
standards or the controls during enzyme-linked immunosor-
bent assay (ELISA) analysis. For ELISA, lysates were mixed 

Table I. Primers and probes for mRNA analysis.

Gene	 Primer and probe sequences

VEGFR-1	 Forward primer:	 Cct ctg atg gtg att gtt gaa tac tg
	R everse primer:	 Tgc tgc atc ctt gtt gag aaa
	 Probe FAM/MGB:	 Caa gag caa acg tga ctt a

VEGFR-2	 Forward primer:	 Ggc ttt act att ccc agc tac atg a
	R everse primer:	 aac cac atc ata aat cct ata ccc tac a
	 Probe FAM/MGB:	 Tat gct ggc atg gtc t
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and incubated for 30 min at 4˚C, followed by centrifugation at 
16000 x g for 10 min. After the recovery of the supernatants, 
protein concentration was determined using the bicinchorinic 
acid protein assay (Pierce, USA).

VEGFR protein analysis. Quantikine ELISA kits (cat. nos. 
DVR100B and DVR200; R&D Systems, Minneapolis, MN, 
USA) were used to quantify VEGFR-1 and -2 in CRC and 
normal tissue. Controls were supplied by R&D Systems. 
The ELISA assay employs the quantitative sandwich enzyme 

immunoassay technique. Analysis was performed according to 
the manufacturer's protocol. Optical density was determined 
using a Novo Biolabs kinetic microplate reader set to 450 nm 
(Molecular Devices). Data were analysed using Multicalc 2000 
software. 
The protein concentrations presented are expressed in pg/mg 
of total protein. Tissue samples, standards and controls were 
assayed in duplicate, and the average was recorded. The total 
coefficients of variation on three levels for VEGFR1 were: 
low, 12.4%; medium, 12.8%; high, 11.3%, and for VEGFR2: 
low, 11.3%; medium, 10.1%; high, 8.3%. 

Statistical analysis. Median values were compared using 
Wilcoxon's signed-rank test. Linear regression analysis was 
used to describe the relationship between receptor mRNA 
levels and protein levels in tumours and normal colorectal 
tissue. All statistical calculations were carried out using NCSS 
statistical software (Kaysville, UT, USA). P-values <0.05 were 
considered significant, and all tests were two sided.

Results

Patient characteristics. The clinicopathological characteristics 
of the 110 patients are listed in Table II. The median age was 72 
(range 41-91) years. In 2/3 of the cases, the tumour was located 
in the colon, and in 1/3 it was in the rectum. Approximately 
90% of the patients had T3 or T4 tumours, and fewer than half 
had lymph node metastasis.

VEGFR mRNA levels. CRC tissue and corresponding normal 
colorectal tissue samples from 87 patients were available for 
mRNA analysis using RT-PCR. Table III shows the differences 
between the median gene expression in the CRC and normal 
colorectal tissue for VEGFR-1 and -2. The differences were 
highly significant (P<10-6) for both receptors.

Table IV shows differences in the distribution of clinico-
pathological characteristics according to the gene expression 
levels of both receptors with respect to age, gender, and 
tumour stage and location. Low gene expression of VEGFR-2 
in CRC tissue was more common in patients with lower-stage 
disease than in patients with higher stages. The gene expression 
levels of VEGFR-1 were significantly lower in the rectal 
cancer patients compared to the colon cancer patients in 
normal tissue and tumour tissue. A similar trend was seen 

Table II. Clinicopathological characteristics of the patients.

Parameter	N o. (%)	 
	 (n=110)	

Gender
  Male	 54 (49)
  Female	 56 (51)

Tumour location
  Colon	 72 (65)
  Rectum	 38 (35)

pT category
  1	 0   (0)
  2	 13 (12)
  3	 76 (69)
  4	 21 (19)

pN category
  0	 60 (55)
  1	 20 (18)
  2	 30 (27)

M category
  0	 89 (81)
  1	 21 (19)

Stage
  I	 12 (11)
  II	 46 (42)
  III	 31 (28)
  IV	 21 (19)

Table III. Median gene expression and protein concentrations of VEGFR-1 and VEGFR-2 in CRC and normal tissue.

	 Gene expression	 Protein concentration (pg/mg)
	 ---------------------------------------------------------------------	 ---------------------------------------------------------------------
	 Median (95% CI)	 P-value	 Median (95% CI)	 P-value

VEGFR-1		  P<10-6		  P<10-6

  Normal tissue	 2.07 (1.84-2.37)		  684 (596-769)
  CRC tissue	 4.67 (4.00-5.52)		  2534 (2131-2789)

VEGFR-2		  P<10-6		  P<10-6

  Normal tissue	 0.16 (0.14-0.18)		  78 (66-89)
  CRC tissue	 0.35 (0.28-0.43)		  127 (118-148)

https://www.spandidos-publications.com/10.3892/mmr_00000173
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regarding the gene expression of VEGFR-2 in normal colorectal 
tissue.

VEGFR protein levels. CRC tissue and corresponding normal 
colorectal tissue samples from 109 patients were available for 
protein analysis by ELISA. Table III shows the differences 
between median protein concentrations in CRC and normal 
colorectal tissue for VEGFR-1 and -2. The differences were 
highly significant (P<10-6) for both receptors.

According to the protein concentrations of the receptors, 
no differences in the distribution of clinicopathological 
characteristics with respect to age, gender, or tumour stage and 
location were found, with the exception of VEGFR-2 protein 
concentration in normal tissue, for which a lower protein 

concentration was detected in rectal cancer patients compared 
to colon cancer patients (P=0.0003; data not shown).

Correlations between the receptors. A significant correlation 
was found between the gene expression and protein levels of 
VEGFR-1 in CRC tissue (r=0.53, P<10-4). The same cannot 
be said for VEGFR-2 (r=0.20, P=0.072). There were no 
correlations between the gene expression and protein levels of 
VEGFR-1 and -2 in normal tissue. A significant correlation 
was found between the gene expression of VEGFR-1 and -2 
in CRC tissue (r=0.57, P<10-4) and normal colorectal tissue, 
(r=0.73, P<10-4) (Fig. 1).

Discussion

The survival of patients with mCRC has increased due to 
the incorporation of drugs targeting the VEGF system into 
the chemotherapy regimens currently in use. However, much 
remains to be learnt regarding the biology of the VEGF system 
in order for this treatment modality to be improved. There is 
an increasing interest in the receptors of the VEGF system, 
but the potential clinical implication of receptor status remains 
more or less unknown. Furthermore, quantitative analyses at the 
protein level of VEGFR-1 and -2 in CRC or normal colorectal 
tissue have not been previously performed. As a result, we 
decided to analyse VEGFR-1 and -2 at the gene expression 
and protein levels in CRC and normal colorectal tissue.

In the present study, analysis at the mRNA level showed 
that the gene expression of both receptors was higher in CRC 
tissue than in normal colorectal tissue. This is in agreement 
with a study by Hanrahan et  al (71 CRC patients, >80% in 
stages I-II and none in stage IV; only 20 samples representing 
normal mucosa) in which the authors found the gene expression 
level of VEGFR-1 and -2 to be higher in CRC tissue than in 
normal colorectal tissue (15). In a study by André et al (78 CRC 
patients, stages I-IV; primarily patients <75 years) also showed 

Table IV. VEGFR-1 and VEGFR-2 gene expression according to age, gender, tumour location and stage.

	 VEGFR-1 gene expression	 VEGFR-2 gene expression
	 -----------------------------------------------------------------------------------------------	 -----------------------------------------------------------------------------------------------
	N ormal tissue	 Tumour tissue	N ormal tissue	 Tumour tissue
	 ----------------------------------------------	 ----------------------------------------------	 ----------------------------------------------	 ----------------------------------------------
	 Median (95% CI)	 P-value	 Median (95% CI)	 P-value	 Median (95% CI)	 P-value	 Median (95% CI)	 P-value

Age (years)		  0.76		  0.48		  0.88		  0.57
  <72	 1.96 (1.75-2.50)		  4.57 (3.54-5.74)		  0.17 (0.14-0.20)		  0.36 (0.28-0.54)
  >72	 2.16 (1.85-2.90)		  4.73 (4.00-5.81)		  0.16 (0.14-0.18)		  0.34 (0.27-0.43)

Gender		  0.020		  0.15		  0.72		  0.61
  Male	 1.84 (1.60-2.07)		  4.37 (3.45-5.52)		  0.16 (0.14-0.19)		  0.44 (0.27-0.48)	
  Female	 2.37 (2.06-3.09)		  5.22 (4.04-6.04)		  0.16 (0.14-0.19)		  0.32 (0.27-0.41)

Location		  0.005		  0.043		  0.059		  0.89
  Colon	 2.19 (1.96-2.89)		  5.22 (4.48-5.81)		  0.18 (0.14-0.20)		  0.35 (0.27-0.44)
  Rectum	 1.51 (1.31-2.31)		  3.74 (2.19-5.64)		  0.15 (0.09-0.17)		  0.35 (0.28-0.62)

Stage		  0.27		  0.18		  0.32		  0.055
  I+II	 2.06 (1.84-2.97)		  4.46 (3.67-5.22)		  0.17 (0.14-0.21)		  0.28 (0.25-0.35)
  III+IIV	 2.08 (1.64-2.31)		  5.33 (4.04-6.87)		  0.16 (0.14-0.18)		  0.44 (0.33-0.54)

Figure 1. Linear regression plot showing VEGFR-1 and -2 gene expression in 
normal colorectal tissue. Vertical, gene expression of VEGF-2 in normal col-
orectal tissue. Horizontal, gene expression of VEGFR-1 in normal colorectal 
tissue. The correlation was significant (r=0.73 and P<10-4).
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a higher gene expression of VEGFR-1 in CRC tissue compared 
to normal colonic tissue. However, no difference was detected 
in relation to VEGFR-2 gene expression (6). The lack of 
differences in the gene expression levels of VEGFR-2 in CRC 
tissue compared to normal colorectal tissue have been shown 
in other studies, for example those of Georges et al (40 CRC 
patients, stages I-IV, >60% stages III-IV): Di et al (48 CRC 
patients, stages I-IV) and Parr et  al (28 CRC patients, no 
information on clinical pathological characteristics) (7,16,17). 
In comparing the different studies, differences in the patient 
sample, especially the number of patients included, must be 
noted, and the results should therefore be interpreted with 
caution. Furthermore, differences in the methods of analysis 
may have affected the findings, and must be taken into account. 
Lastly, tumour heterogeneity cannot be excluded.

The correlation between the low disease stage and the low 
gene expression of VEGFR-2, but not VEGFR-1, in CRC tissue 
might indicate a difference in the influence of the two receptors 
at different stages of disease. In the present study, it appeared 
that VEGFR-2 gene expression was up-regulated during the 
advanced stages of disease. A similar trend was found in a study 
by Di et al, where the VEGFR-2 gene expression carcinoma/
mucosa ratio increased from 0.4 in stage I to 1.4 in stage IV 
(P=0.11) (16). Contrary to our findings, Hanrahan et  al 
observed a significant increase in VEGFR-1 gene expression 
in stage III patients compared to stage I+II patients, and found 
no differences in the gene expression of VEGFR-2 according 
to stage (15); however, the number of patients sampled was 
rather small. It is worth noting that none of these three studies 
showed increased gene expression of any of the receptors during 
the lower stages of the disease. It would therefore appear that 
the gene expression of these two receptors is increased in the 
higher stages of CRC compared to the lower stages. Increases 
in tumour dependency on angiogenesis and in disease stage 
seem reasonable in light of current knowledge.

The present results also show that protein concentrations 
of VEGFR-1 and -2 were increased in CRC tissue compared 
to normal colorectal tissue. The protein concentration of 
VEGFR-1 in CRC tissue was increased by a factor of 3.6 com-
pared to concentrations in normal colorectal tissue, while the 
corresponding factor for VEGFR-2 was 1.6. This is supported 
by the results of testing at the gene expression level. In the lit-
erature, we found no studies measuring VEGFR-1 or VEGFR-2 
protein concentrations in CRC and normal colorectal tissue 
using the quantitative ELISA technique. A few studies using 
semi-quantitative techniques, such as immunohistochemistry, 
found indications of higher VEGFR-2 protein expression in 
CRC compared to normal colorectal tissue (18,19), but a direct 
comparison with our study is of course not possible due to the 
substantial differences in the techniques employed. 

The higher concentrations of the receptors in CRC tissue 
compared to normal colorectal tissue found underline the 
higher metabolic demands and angiogenetic activity known to 
exist in malignant tissue. Furthermore, the findings indicate 
that both receptors are of clinical importance in CRC. 

To some extent, lower gene expression levels and protein 
concentrations of VEGFR-1 and -2 were found in rectal cancer 
patients compared to colon cancer patients in both normal 
and tumour tissue. This implies the existence of differences 
in angiogenetic activity and microenvironmental conditions in 

relation to the VEGF system between colonic and rectal tissues. 
However, these results are only hypothesis generating, and 
should be confirmed in further studies. 

For VEGFR-1, a significant correlation between gene 
expression and protein concentration was detected in CRC 
tissue, while for VEGFR-2 only a trend was observed. A pos-
sible explanation for this finding could be a difference between 
the two genes in terms of the rate of activation and deactivation. 
Significant correlations between the gene expression of the 
receptors were detected in both tissues. A previous study by 
Azuma et al showed a similar correlation between the gene 
expression of VEGFR-1 and -2 in tumour tissue from 36 patients 
with metastatic CRC (20). The significant correlations between 
the gene expression of the receptors in both types of tissue in 
our study indicates that the gene expression of these two recep-
tors is regulated at least in part by the same mechanisms, and 
that the isolated up-regulation of one receptor is uncommon.

This study has the standard limitations related to retro-
spective studies. The relatively small number of patients is also 
a limitation, but to date this study is the biggest reported to 
conduct the quantitative analysis of VEGFR-1 and VEGFR-2. 
Many of the results should be considered as hypothesis gen-
erating rather than facts, and validation in another cohort of 
patients is necessary.

In conclusion, the results indicate that the gene expression 
and protein concentration of VEGFR-1 and -2 are higher in 
CRC tissue than in normal colorectal tissue. The gene expres-
sion of VEGFR-2 in CRC tissue seems to be correlated with 
the stage of disease. Furthermore, correlations between the 
gene expression of both receptors were detected in the tissues, 
suggesting a uniform regulation. The possible clinical implica-
tions of these findings require further investigation.
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