
doi: 10.1111/j.1349-7006.2007.00402.x Cancer Sci | March 2007 | vol. 98 | no. 3 | 405–410
© 2007 Japanese Cancer Association

Blackwell Publishing Asia

Overexpression of soluble vascular endothelial 
growth factor receptor 1 in colorectal cancer: 
Association with progression and prognosis
Tatsuro Yamaguchi,1 Hiroko Bando,2 Takeo Mori,1 Keiichi Takahashi,1 Hiroshi Matsumoto,1 Michiya Yasutome,1 
Herbert A. Weich3 and Masakazu Toi1,4,5

1Department of Surgery, Tokyo Metropolitan Komagome Hospital, Tokyo Metropolitan Cancer and Infectious Disease Center, Tokyo 113-8677; 
2Department of Surgery, Tsukuba University Hospital, Tsukuba 305-8577, Japan; 3Department of Gene Regulation and Differentiation, National Research 
Center for Biotechnology, D-38124 Braunschweig, Germany; 4Department of Clinical Trials and Research, Tokyo Metropolitan Komagome Hospital, 
Tokyo Metropolitan Cancer and Infectious Disease Center, Tokyo 113-8677, Japan 

(Received October 3, 2006/Revised November 13, 2006/Accepted November 21, 2006/Online publication January 10, 2007)

We examined the expression of sVEGFR1 in colorectal cancer tissue
and corresponding normal colorectal mucosa to assess the clinical
significance of sVEGFR1 in colorectal cancer. We also assessed the
relationship between sVEGFR1 levels and various clinicopathologic
factors and prognoses. sVEGFR1 and VEGF levels were measured in
fresh-frozen tumor extracts from 84 primary colorectal cancer
tissues and 27 corresponding normal mucosa using ELISA. Mean of
sVEGFR1 levels were 3.17 ng/mg protein. sVEGFR1 levels increased
significantly in cancer tissue compared with normal mucosa.
Although VEGF levels increased in cancer tissues, the ratio of
sVEGFR1/VEGF in cancer tissue was significantly lower than that in
normal tissue. No significant correlation between sVEGFR1 or VEGF
levels and any clinicopathologic parameter was found. Overexpression
of sVEGFR1 was significantly associated with a favorable prognosis.
Based on sVEGFR1 levels in colorectal cancer without distant meta-
stases, patients with higher sVEGFR1 levels (≥≥≥≥1.5 ng/mg protein)
demonstrated significant longer recurrence-free survival than
patients with lower sVEGFR1 levels (<1.5 ng/mg protein) (P = 0.0017).
Multivariate analysis showed that the sVEGFR1 levels in cancer
tissue were an independent prognostic indicator of disease progression.
sVEGFR1 expression was significantly elevated in colorectal
cancer tissue compared with normal mucosa and the intratumo-
ral balance between sVEGFR1 and VEGF was significantly different
between tumor tissue and normal controls. Furthermore, sVEGFR1
levels showed a significant prognostic value. Further studies
concerning the biologic and therapeutic significance of sVEGFR1
in colorectal cancer are warranted. (Cancer Sci 2007; 98: 405–410)

Vascular endothelial growth factor, also known as VEGF-A,
is one of the most important angiogenic factors.(1) It has been

reported that overexpression of VEGF is an independent factor
predicting poor prognosis in various types of malignant
tumors.(2–7) VEGF binds to VEGFR1 and VEGFR2, which are
tyrosine kinase receptors.(8,9) VEGFR1 mediates critical effects
on physiologic and pathologic neovascularization; however, the
function of VEGFR1 in the process of angiogenesis remains
unclear. Some authors have reported that VEGFR1 functions as
a positive regulator of angiogenesis,(10–12) whereas others have
reported that it is a negative regulator of angiogenesis.(13,14) In
contrast, VEGFR2 is widely accepted as an angiogenic receptor.
VEGFR2 activates a phospholipase C gamma-protein kinase C-
Raf-MAP kinase signaling pathway, which results in endothelial
cell migration, proliferation, and vascular permeability.(15)

In addition to these receptors, a natural soluble form of the
VEGF receptor (sVEGFR1) has been identified.(16,17) sVEGFR1,
which was first cloned from the human umbilical vein endothe-
lial cell cDNA library, is an alternative splicing variant of the

VEGFR1 gene. It binds to VEGF with high affinity and inhibits
its mitogenic response. Not only VEGF-A, but also other VEGF
family ligands such as placenta growth factor, have the ability to
bind to sVEGFR1.(18) sVEGFR1 is believed to be a modulator of
or negative regulator of VEGF activity. Recently it has been
reported that sVEGFR1 is expressed in breast cancer and astro-
cytic tumors.(19,20) In these tumors, sVEGFR1 correlated signifi-
cantly with tumor growth and prognosis. In animal experimental
models, transfer of sVEGFR1 genes resulted in suppression of
angiogenesis and regression of tumors.(21) Experimental data
indicate strongly that sVEGFR1 is an important and intrinsic
counterpart of VEGF and of angiogenesis, and the clinical
importance of serum sVEGFR1 levels has been reported in some
kind of tumors, including leukemia, lung cancer, and colorectal
cancer.(22–24) However, the clinical significance of sVEGFR1
level in colorectal cancer tissue is largely unknown. We investi-
gated the expression of sVEGFR1 in human colorectal cancer,
as well as normal colorectal mucosa and explored the clinical
significance of this receptor.

Materials and Methods

Patient population. We randomly selected tissue from 84 patients
with operable colorectal cancer who underwent surgical resection
at the Tokyo Metropolitan Komagome Hospital from January to
December 2003. As controls, we obtained corresponding normal
mucosa from 27 colorectal cancer patients. All patients signed
an informed consent according to a protocol approved by the
ethics committee of the hospital. Representative samples of
tumor specimens and normal mucosa tissue were immediately
frozen in liquid nitrogen after surgical resection and stored at
−80°C until preparation for ELISA. Pathologic examinations
were carried out on formalin-fixed, paraffin-embedded specimens.

Histopathologic analysis. Representative sections from all
primary tumors were reviewed and analyzed by pathologists.
Morphologic features examined included grade, lymph vessel/
blood vessel involvement, and number of lymph nodes involved.

Sample preparation. Colorectal tumor tissue and normal mucosa
samples were treated as previously reported.(22) Briefly, tissue
samples were homogenized in a solution of 10 mM Tris-HCl
buffer (pH 7.4) containing 15 mM NaCl, 1.5 mM MgCl2,
50 µM potassium phosphate, and a protease-inhibitor cocktail.
The supernatants were then stored at −80°C until use. The
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protein concentration of the supernatant extracted from tumor
tissues was determined using a DC protein assay kit (Bio-Rad
Laboratories, Hercules, CA, USA).

ELISA. Total VEGF protein concentrations in the tumor
cytosols were measured using VEGF ELISA kits (R&D
Systems, Minneapolis, MN, USA). Measurements were made
according to the methods recommended by the manufacturer.
The minimal detection limit for total VEGF was 31 pg/mL.

ELISA for sVEGFR1 was carried out as previously reported.(3,25)

A human sVEGFR1 ELISA kit (Bender MedSystems, Vienna,
Austria) was used according to the manufacturer’s protocol. The
minimum detection limit was 100 pg/mL.

All protein level measurements made by ELISA were carried
out in duplicate.

Statistical analysis. The correlation between two factors was
evaluated using the Spearman’s correlation coefficient by rank.
Differences between groups were evaluated using the Student’s
t-test for continuous variables and the Kruskal–Wallis test for
categorical values. Fisher’s exact test was used to evaluate the
relationship between two discrete and dichotomous variables.
The analysis of disease-free survival was intended for colorectal
cancer patients without distant metastases at the time of their
operation. Survival curves were drawn using the Kaplan–Meier
method and the log-rank test. Multivariate analyses were per-
formed using logistic regression analysis. Significance was
defined as a P < 0.05. All statistical evaluations were carried out
by StatView (Abacus Concepts, Inc., Berkley, CA, USA).

Results

Clinicopathologic characteristics. Clinical and pathologic char-
acteristics of the patients are shown in Table 1. All patients
underwent surgical resection of the primary tumor and the
diagnosis of adenocarcinoma was made microscopically. Of the
84 patients, 10 had distant metastases, including six with liver
metastases, four with distant lymph node metastases, one with
peritoneal dissemination, and one with lung metastases. Two
patients had more than one distant metastasis. Of the 74 patients
without distant metastases, 21 received adjuvant chemotherapy.
The median follow-up period for all patients was 29.6 months
(range, 1.0–35.3 months).

sVEGFR1 and VEGF concentrations. sVEGFR1 levels were detectable
in 82 of 84 colorectal cancer tissues and ranged from 0.00 to
7.11 ng/mg protein. Mean sVEGFR1 and VEGF concentrations
in colorectal cancer tissue were 3.17 ng/mg protein and 1.26 ng/
mg protein, respectively, compared with 0.93 ng/mg protein and
0.25 ng/mg protein, respectively, in normal mucosa (P < 0.0001
for both comparisons, Wilcoxon signed rank test; Fig. 1a,b). The
median sVEGFR1/VEGF ratio was 3.6 in colorectal cancer
tissue and 11.8 in normal mucosa with a significant difference
between groups (P = 0.018, Wilcoxon signed rank test; Fig. 1c).
There was a significant correlation between sVEGFR1 and
VEGF levels in colorectal cancer tissue (ρ = 0.52, P < 0.0001,
Spearman’s rank correlation test), whereas no correlation
was seen between sVEGFR1 and VEGF levels in normal
mucosa (ρ = 0.24, P = 0.23, Spearman’s rank correlation test;
Fig. 2a,b).

Predictive factor for recurrence of colorectal cancer.  Table 2 shows
the results of univariate analyses of angiogenic factors in
colorectal cancer without distant metastases. sVEGFR1 levels
were significantly higher in tissue from patients with colorectal
cancer who did not experience a recurrence, compared with
tissue from patients with colorectal cancer who did experience a
recurrence (P = 0.038). However, there was no significance in
VEGF levels between tissue from patients with colorectal
cancer who did or did not experience a recurrence (P = 0.46).
Based on recurrence status, lymph node metastases and
sVEGFR1 levels were significantly different in tissues from

patients with colorectal cancer that recurred and tissue from
patients with colorectal cancer that did not recur (P = 0.011 and
P = 0.038, respectively; Table 3). However, there was no correlation
between VEGF levels and recurrence status (P = 0.46).

To assess the predictive value of sVEGFR1 status, we
determined a cut-off level according to a step-wise method that
provided the optimal separation between a low and high
risk of recurrence. Table 4 shows the relationship between the
increasing cut-off level and the statistical prognostic value by
logrank test. The cut-off value of sVEGFR1 was determined as
1.5 ng/mg protein. When we compared recurrence-free survival
based on sVEGFR1 levels in colorectal cancer, patients with
higher sVEGFR1 levels (≥1.5 ng/mg protein) demonstrated
significant longer recurrence-free survival than patients with
lower sVEGFR1 levels (<1.5 ng/mg protein) (P = 0.0017;
Fig. 3).

In the multivariate analysis, lymph node status and sVEGFR1
levels were independent predictive factors of recurrence in
colorectal cancer (Table 5).

We investigated the correlation between angiogenic factors
and overall survival in colorectal cancer. The two-year survival
was 94.2% in the patients with high sVEGFR1 levels and 80.0%
in patients with low sVEGFR1 levels. There was no significant
correlation between the two groups (P = 0.25).

Discussion

Vascular endothelial growth factor overexpression is known to
be associated with the progression of cancer. In many types of

Table 1. Clinicopathological characteristics

Characteristics Frequencies Percentage (%)

Age
Mean (years) 64 (37–83)

Gender
Male 48 57.1
Female 36 42.9

Location
Colon 41 48.8
Rectum 43 51.2

T factor
T1 3 3.6
T2 11 13.1
T3 54 64.3
T4 16 19.0

Size
Mean (cm) 4.8 (1.8–11.5)

Lymph node status
Negative 46 54.8
Positive 38 45.2

Differentiation
well 38 45.2
non-well 46 54.8

Dukes stage
A 12 14.3
B 33 39.3
C 29 34.5
D 10 11.9

Chemotherapy
Negative 53 63.1
Positive 31 36.9

Recurrence
Negative 64 86.5
Positive 10 13.5
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human cancers, VEGF concentrations increase significantly in
tumor tissues and correlate with prognosis. In this study, we
found that sVEGFR1 levels were elevated in colorectal cancer
tissue compared with corresponding normal mucosa. Previously,
we reported that the means of VEGF and sVEGFR1 levels in
breast cancer tissue were 0.53 ng/mg protein and 0.95 ng/mg
protein, respectively.(25) Comparing those data with the current
data measured by the same method, both VEGF and sVEGFR1
levels are significantly higher in colorectal cancer than breast
cancer (P < 0.001 and P < 0.001, respectively). On the other
hand, it has been reported that serum sVEGFR1 level was more
often elevated in breast cancer than colorectal cancer.(24) The
reasons for the difference between breast cancer and colorectal
cancer and between tissue and serum levels are not clear, yet.
Further studies are required to clarify the difference. In addition,
there is a significant correlation between VEGF expression and
sVEGFR1 expression in colorectal cancer tissues. The finding that
VEGF and its intrinsic negative counterpart, sVEGFR1, tend to

be coexpressed in a positive association was also observed in a
study of primary breast cancer.(3,25) These similar findings indicate
a possibility that a common regulatory mechanism exists between
these molecules and that the mechanism is activated in the
process of carcinogenesis or cancer progression. Interestingly,
the ratio of sVEGFR1 and VEGF was significantly lower in
cancer tissue compared with normal tissue, although little is
known about the mechanism of this finding. According to
accumulated experimental and clinical data, it is likely that the
induction of sVEGFR1 in tumor tissue inhibits VEGF-induced
tumor angiogenesis and retards tumor growth.(16,17,19,20) Thus, it
is speculated that the shift in the tumor microenvironment from
a sVEGFR1-dominant state to a relatively VEGF-dominant state
helps tumors form new vessels, grow, and progress.

In terms of the up-regulation mechanism of sVEGFR1,
Barleon et al. showed that media conditioned by various cancer
cell lines grown under hypoxic conditions were able to up-
regulate expression of VEGFR1 and sVEGFR1 but not of
VEGFR2.(26) Theses effects were completely inhibited by VEGF-
neutralizing extracellular VEGF receptor domains, indicating that
expression of sVEGFR1 might be regulated by VEGF. Consequently,
VEGF as well as hypoxia might play a significant role in the regula-
tion of sVEGFR1 expression in the tumor microenvironment.

Fig. 1. Comparison of the concentration of soluble vascular endothelial
growth factor receptor 1 (sVEGFR1) and vascular endothelial growth
factor (VEGF) in colorectal cancer and normal mucosa. sVEGFR1 and
VEGF levels were significant higher in colorectal cancer than in
normal mucosa (Wilcoxon signed rank test; P < 0.0001; Fig. 1a,b). The
sVEGFR1/VEGF ratio was significant lower in colorectal cancer than in
normal mucosa (Wilcoxon signed rank test; P = 0.018; Fig. 1c).

Fig. 2. Correlation between soluble vascular endothelial growth factor
receptor 1 (sVEGFR1) and vascular endothelial growth factor (VEGF)
concentrations in colorectal cancer (Fig. 2a) and in normal mucosa
(Fig. 2b). There was a significant correlation between sVEGFR1 and
VEGF levels in colorectal cancer (Spearman’s rank correlation test;
ρ = 0.52, P < 0.0001). There was no significant correlation between sVEGFR1
and VEGF levels in normal mucosa (Spearman’s rank correlation test;
ρ = 0.24, P = 0.23). �, no recurrence; �, recurrence.
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Recently, circulating sVEGFR1 levels were discovered to
increase remarkably in patients with preeclampsia.(27) It is
thought that sVEGFR1 is made by the placenta and acts by neu-
tralizing VEGF and PlGF. Higher concentration of sVEGFR1
and lower concentrations of PlGF and VEGF have been
observed in the serum of patients with preeclampsia. Therefore,
a reciprocal regulatory mechanism can be considered not only in
the preeclampsia state, but also in malignant tumors.

There were two opposite reports regarding the serum
sVEGFR1 levels in colorectal cancer patients. Kumar et al.
reported that sVEGFR1 was detected in the serum of colorectal
cancer patients, and after surgery, it was markedly decreased.
On the other hand, Chin et al. showed that serum sVEGFR1 lev-
els in colorectal cancer patients before surgery were signifi-
cantly lower than those in normal controls, and after curative
surgery, serum sVEGFR1 levels became equivalent to those in
normal controls.(28) As in our study sVEGFR1 levels were
significantly higher in colorectal cancer tissue than in normal
mucosa, our data supported the former report.

To our knowledge, the current study is the first to show the
clinical significance of sVEGFR1 expression in colorectal can-
cer tissue and normal mucosa. VEGF and sVEGFR1 levels had
no correlation with any clinical or pathologic factors in color-

ectal cancers; however, overexpression of sVEGFR1 was signi-
ficantly associated with absence of recurrence. Intratumoral
VEGF concentrations showed no prognostic value in this study.
Several reports have failed to demonstrate the prognostic value
of tumor VEGF expression,(29,30) whereas many other studies
have shown that VEGF has a significant value as a prognostic
marker.(31–35) This discrepancy might be due to the difference
in the measurement methodology of VEGF. We measured
VEGF protein concentrations in fresh-frozen tumor materials
by ELISA after confirming a significant relationship between
VEGF protein levels measured by ELISA and those measured
by Western-blot analysis.(25)

To characterize the prognostic value of sVEGFR1, we
assessed a cut-off value and the ratio between sVEGFR1 and
VEGF levels. A significant prognostic value was observed
between 1.0 ng/mg protein and 2.0 ng/mg protein, and the
highest value was seen at 1.5 ng/mg protein; thus, we used
1.5 ng/mg protein as the cut-off value for prognostic assess-
ment. Patients with high sVEGFR1 levels (≥1.5 ng/mg protein)
showed a significantly favorable prognosis compared with those
with low sVEGFR1 levels (<1.5 ng/mg protein). In the analysis

Table 2. The quantitation of soluble vascular endothelial growth
factor receptor 1 (sVEGFR1) and vascular endothelial growth factor
(VEGF) in colorectal cancer without distant metastases

Characteristics
sVEGFR1 

(ng/mg protein)
P-value

VEGF 
(ng/mg protein)

P-value

Age
≤60 3.48 ± 1.62 0.37 1.06 ± 1.08 0.34
>60 3.11 ± 1.79 1.38 ± 1.54

Gender
Male 3.46 ± 1.54 0.30 1.40 ± 1.65 0.36
Female 3.03 ± 1.91 1.10 ± 0.99

Location
Colon 3.12 ± 1.83 0.49 1.44 ± 1.63 0.24
Rectum 3.40 ± 1.64 1.07 ± 1.07

T factor
T1 2.90 ± 0.53 0.76 1.08 ± 0.66 0.77
T2 3.29 ± 2.31 1.33 ± 1.09
T3 3.13 ± 1.56 1.12 ± 1.18
T4 3.88 ± 2.05 1.82 ± 2.35

Lymph node status
Negative 3.44 ± 1.70 0.25 1.35 ± 1.48 0.47
Positive 2.97 ± 1.76 1.11 ± 1.22

Differentiation
well 3.38 ± 1.89 0.56 1.50 ± 1.67 0.15
non-well 3.15 ± 1.59 1.04 ± 1.04

Dukes stage
A 3.27 ± 2.01 0.44 1.27 ± 0.96 0.38
B 3.50 ± 1.61 1.38 ± 1.64
C 2.97 ± 1.76 1.11 ± 1.22

Adjuvant therapy
Negative 3.37 ± 1.79 0.36 1.29 ± 0.36 0.77
Positive 2.97 ± 1.55 0.18 ± 0.47

Recurrence
Negative 3.42 ± 1.73 0.038 1.30 ± 1.35 0.46
Positive 2.21 ± 1.32 0.96 ± 1.59

Intratumoral sVEGFR1 and VEGF levels were determined by 
enzyme-linked immunosorbent assay (ELISA). The results reflect the 
mean values and P-value. The correlations between each biological 
factor and clinicopathological parameters were analyzed using 
Student’s t-test and Kruskal–Wallis test. The data shown are the 
mean values ± standard deviation.

Table 3. The differences of clinicopathological factors in colorectal
cancer patients without distant metastases according to their
recurrence status

Characteristics
Absence of
recurrence

Presence of
recurrence

P-value

Age
≤60 25 4 >0.99
>60 39 6

Gender
Male 32 7 0.32
Female 32 3

Location
Colon 32 5 >0.99
Rectum 32 5

Depth of invasion
T1 3 0 0.26
T2 11 0
T3 42 7
T4 8 3

Size
Mean (cm) 4.5 + 2.0 5.5 + 2.1 0.19

Lymph node status
Negative 43 2 0.011
Positive 21 8

Differentiation
well 33 2 0.091
non-well 31 8

Dukes stage
A 12 0 0.015
B 31 2
C 21 8

Adjuvant therapy
Negative 45 19 0.71
Positive 8 2

sVEGFR1
Mean (ng/mg protein) 3.42 + 1.73 2.21 + 1.32 0.038

VEGF
Mean (ng/mg protein) 1.30 + 1.35 0.96 + 1.59 0.46

The Fisher’s exact test was used to evaluate the relationship between 
two discrete and dichotomy variables, and the Student’s t-test was 
used to evaluate the differences between the two groups for 
continuous variables. sVEGFR1, soluble vascular endothelial growth 
factor receptor 1; VEGF, vascular endothelial growth factor.
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of the sVEGFR1/VEGF ratio, we failed to demonstrate a signif-
icant prognostic value in the overall population. These results
were different from results of our primary breast cancer study
where we found a potent prognostic value of the sVEGFR1/
VEGF ratio.(3,25) It is difficult to explain why the sVEGFR1/
VEGF ratio was significant for breast cancer but not for color-
ectal cancer. However the difference in steroid hormone depend-
ency between these two tumor types might contribute to these
different findings, as recent studies have shown that estrogen is
a significant regulator of VEGF and sVEGFR1 in human breast
cancer cells.(36,37)

Recently, bevacizumab, which is a recombinant humanized
monoclonal antibody of VEGF, has been demonstrated to
improve the survival of metastatic colorectal cancer patients
undergoing chemotherapy.(38) Bevacizumab blocks VEGF by
inhibiting the VEGF signaling pathway, resulting in suppression
of tumor angiogenesis and in retardation of tumor growth.
Nevertheless, a recent report showed that VEGF levels had
no significant correlation with the therapeutic effect of bevaci-
zumab plus chemotherapy.(39) In a future study, it might be
interesting to explore the value of sVEGFR1 and VEGF levels
for predicting the therapeutic impact of bevacizumab-containing
treatments.

Various types of antiangiogenic therapies are being tested
clinically. In the future, more novel agents and new combina-
tions will be examined in clinical trials. Combinations consist-
ing of multiple antiangiogenic agents might be also investigated
based on preclinical studies that demonstrate additional or
synergistic effects. To create more effective antiangiogenic
therapies and optimize treatment for patients, it is critical to
study cancer biology further, with a particular emphasis on
tumor angiogenesis. Because VEGF is regarded as the most
important therapeutic target in an antiangiogenesis strategy, it
will be important to pay an attention to sVEGFR1 expression
in cancer tissues. It would also be interesting to study what
regulates the balance between sVEGFR1 and VEGF levels in
cancer tissues and in circulation. These investigations could help
lead to an efficient individualized antiangiogenesis therapy
for cancer.
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