
ABSTRACT
Background: angiogenesis plays an important role in tumor

progression. The vascular endothelial growth factor (VEGF) is an
important regulator of angiogenesis. In the present study we eval-
uated single nucleotide polymorphisms (SNPs) -2578C > A, -
1154G > A, and +936C > T in the VEGF gene, and their prog-
nostic value for patients operated on for colorectal cancer (CRC).

Patients and method: VEGF polymorphisms have been an-
alyzed in 177 patients who had undergone surgical resection at
Hospital Clínico San Carlos. The analysis of these polymorphisms
was performed with specific probes for each nucleotide in a multi-
plex reaction using real-time PCR.

Results: we only found a statistically significant relationship
for one of these three polymorphisms, +936C > T, with gender
and tumor location; 10.7% of patients heterozygotes for this SNP
had tumors located in proximal colon, 35.2% in distal segment
and 54.1% in rectum (p = 0.03). Patients with the +936T/T
genotype had 100% overall survival (OS).

Conclusion: patients with a +936T/T genotype showed in-
creased survival, therefore the +936C > T SNP could be a useful
marker in the follow-up and clinical management of patients with
colorectal cancer.
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INTRODUCTION

Angiogenesis is a prerequisite for the development,
growth and progression of solid tumors (1). The vascular
endothelial growth factor (VEGF) is one of the most potent
endothelial cell mitogens and plays and important role in
angiogenesis (2). Different clinical studies have shown that
high levels of VEGF expression and increased microvessel
density in tumors were associated with advanced stage dis-
ease and worse prognosis for various types of tumors, in-
cluding colorectal cancer (CRC) (3-5).

The VEGF gene is located on chromosome 6p21.3 and
consists of eight exons that exhibit alternative splicing to
form a family of proteins (6,7). Several single nucleotide
polymorphisms (SNPs) in VEGF have been reported to af-
fect the expression of this gene. These SNPs have been as-
sociated with variations in VEGF protein production and
reported to be involved in the development of several tu-
mors (8,9). Some of these SNPs [-2578C > A, -1154G > A,
and -634G > C in the promoter region and +936C > T in the
3’-untranslated region] were found to be associated
with variations in VEGF protein synthesis (7,10). The
-2578C/A, -1154G/G y -634G/C genotypes appear to be as-
sociated with higher VEGF expression (11,12), whereas the
+936T allele is correlated to lower VEGF expression (10).

The aim of this study was to analyze three VEGF gene
polymorphisms: -2578C/A, -1154G/A and +936C/T. We
also evaluated the relationship of these SNPs with clinico-
pathologic variables, and its possible implication for prog-
nosis in a population of patients operated on for CRC.

PATIENTS AND METHODS

Study population

The study cohort was comprised of 177 patients under-
going surgery consecutively for primary CRC at Hospital
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Clínico San Carlos, Madrid (Spain) between March 1995
and January 2000. This was a prospective cohort study. All
patients were operated on by the same surgeon, who per-
formed radical oncological surgery based on the location of
the tumor. The surgery was defined as curative when there
was no evidence of macroscopic residual tumor, no distant
metastases were found, and in the pathological analysis, no
invaded margins were detected. Using this criterion, the sur-
geon performed a curative resection in 145 patients (81.9%)
and resected the primary tumor in 32 patients (18.1%) as
palliative treatment. Patients with metacronic carcinoma,
familial polyposis, hereditary nonpolyposis colon cancer
(HNPCC), and inflammatory bowel disease were excluded
from the study. None of the patients had received neoadju-
vant treatment. An informed consent was obtained from
each patient, and the project was approved by the clinical
research and ethics committee of this hospital. Follow-up
was performed according to the protocol designed by the
authors (13). The variables considered in the study were
sex, age, Dukes’ stage, tumor site, differentiation grade, his-
tological type, adjuvant chemotherapy, and VEGF gene
SNPs. Tumors were staged according to Duke’s classifica-
tion. Proximal tumors were defined as occurring from the
cecum through to the transverse colon; tumors in the splenic
flexure, descending and sigmoid colon were defined as dis-
tal. Stage B and C patients received adjuvant treatment with
5-fluorouracil (5-FU) and leucovorin (75% of patients in-
cluded). For stage D patients different protocols were ap-
plied according to Oncology Service criteria.

Tumoral and non-tumoral tissue samples were obtained
during the surgical procedure and immediately immersed in
liquid nitrogen for storage in a freezer at -80 ºC. Specimens
were then independently examined by two pathologists,
who confirmed the samples had over 80% tumor cells.

For genetic analyses, genomic DNAwas isolated from
tumoral and non-tumoral tissue samples using the
DNasy® Blood & Tissue Kit (Qiagen) according to the
manufacturer’s instructions.

Genotyping of VEGF gene polymorphisms

In this study, -2578C > A, -1154G > A and +936C > T
polymorphisms were determined by TaqMan® MGB
probes based on polymerase chain reaction. Sequences of
forward and reverse primers and probes for all three
polymorphisms are listed in table I (14). The different
genotypes were evaluated by quantitative real-time PCR
in a multiplex reaction using a Smart Cycler (CEPHEID,
Sunnyvale, USA).

Statistical analysis

Qualitative variables were provided with their corre-
sponding frequency distributions. Quantitative variables

were expressed as mean, standard deviation (SD) and
range. All variables were qualitative except age, overall
survival (OS), and disease-free survival (DFS). Age was
recorded into two groups according to median age (71
years). Associations between qualitative variables were
evaluated using the χ2 test or Fisher’s exact test when
25% of expected frequencies fell below 5. Overall sur-
vival (OS) was estimated using the Kaplan-Meier method
and compared between groups using Breslow’s exact test.
An event in OS was defined as death occurring as a con-
sequence of the tumor, censuring live patients and those
dying of another cause. OS was calculated as the time
elapsed from the date of surgery to death or last follow-
up. Data were fitted into Cox’s proportional risk regres-
sion model. The hazard ratio (HR) was given with a 95%
(95% CI) confidence interval. The variables included ac-
cording to biological criteria were: sex, age, Duke’s
stage, tumor site, differentiation grade, histological type,
adjuvant chemotherapy, and SNPs for the VEGF gene. In
each comparison the null hypothesis was rejected when
the type I error was less than 0.05. All statistical tests
were performed using the SSPS v.o 11.5 software
(SPSS.Inc Chicago, ILL III).

RESULTS

The study cohort comprised 177 patients, 52.1% of
whom were male and 46.3% female. Mean patient age was
71 years (median 71 years; range 35-94 years). Clinico-
pathological variables are shown in table II. With respect to
location, 25.7% of tumors were located in the proximal
colon, 29.5% in the distal colon, and 44.8% in the rectum.
Most of the tumors analyzed were non-mucinous adenocar-
cinomas, and only 8.7% were mucinous. In 21 patients dif-
ferentiation grade could not be established.

The distribution of genotypes for each VEGF poly-
morphism analyzed and their allelic frequencies are
shown in table III. In one patient -1154G > A SNP could
not be determined; 27.7% of patients showed A/A geno-
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Table I. Primers and probe sequences used in real time PCR

SNP Sequences

-2578 C/A Primer FWD 5’-CAG AGG CTA TGC CAG CTG TA-3’
Primer REV 5’-GGT TTC TGA CCT GGC TAT TTC CA-3’
WT C Probe 5’-FAM-ACC CAG ATC GTG CCA G-MGB-NFQ-3’
Var A Probe 5’-TET-CAC CCA GAT CTT GCC AG-MGB-NFQ-3’

-1154 G/A Primer FWD 5’-CGG GCC AGG CTT CAC T-3’
Primer REV 5’-CCG CTA CCA GCC GAC TTT TAA-3'
WT G Probe 5’-FAM-CTC AGC CCC TCC ACA C- MGB-NFQ-3’
Var A Probe 5’-TET-CCT CAG CCC TTC CAC AC-MGB-NFQ-3’

936 C/T Primer FWD 5’-ACT CCG GCG GAA GCA TTC-3’
Primer REV 5’-AGC AAG AAA AAT AAA ATG GCG AAT CCA-3’
WT C Probe 5’-FAM-CAA GAG GGA CCG TGC TG-MGB-NFQ-3’
Var T Probe 5’-TET-AAG AGG GAC CAT GCT G-MGB-NFQ-3’
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type in -2578C > A SNP, 22.2% showed genotype A/A in
-1154G > A SNP, and 1.1% showed a T/T genotype in
936C > T; 36.7% of patients were heterozygotes for the -
2578C > A SNP, 33.0% for the -1154G > A SNP, and
25.4% for the +936C > T SNP.

In the analysis of clinicophatological variables and
VEGF SNPs, only the T/T genotype in the +936C > T SNP
was related to sex and tumor location. The two patients who
showed a T/T genotype were women. The frequency of the
T/T genotype in women was higher than in men (2.4 vs.
0%), and the frequency of the C/T genotype was significant-
ly lower (18.3 vs. 31.6%) (p = 0.03). In 10.7% of patients
who were heterozygotes for the +936C > T SNP had tumors
located in the proximal colon, 35.2% in the distal colon, and
27.6% in the rectum (p = 0.03). No relation was found for
other clinicopathological variables (Table II).

In localized tumors (stages A and B) we found a high-
er percentage of T/T genotypes in the +936C > T SNP, al-

though no significant relation with stage was found for
this SNP (p = 0.08).

The presence of a T allele (C/T and T/T genotypes)
in +936C > T SNP was significantly related to Dukes’
stage and tumor location (Table IV); 27.4% of local-
ized tumors showed a T allele whereas 72.6% of these
tumors only carried C allele. In 40% of stage C tumors
a T allele was detected, and only in 11.9% of stage D
tumors this allele was found (p = 0.01). With regard to
location, T allele was present in 12.8% of proximal
colon tumors, and it was absent in 87.2% of this kind
of tumors (p = 0.03).

The median follow-up period was 72 months (6 years);
the interquartile range was 27-63 months. In our patient
population OS at 6 years was 67%. All survival analyses
were adjusted to the median follow-up period. During
follow-up, 90 patients died, 70 as a consequence of neo-
plasia. One patient was lost to follow-up.
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Table II. Clinicopathological features of 177 patients with colorectal carcinoma. Relationship between the VEGF gene and these
variables

-2578C > A 1154 G > A* 936 C > T

Variable n (%) A/A A/C C/C p A/A G/A G/G p T/T C/T C/C p

Sex Men: 95 (53.7%) 26 (27.4) 36 (37.9) 33 (34.7) 0.94 22 (23.4) 27 (28.7) 45 (47.9) 0.44 0 (0) 30 (31.6) 65 (68.4) 0.03
Women: 82 (46.3%) 23 (28.1) 29 (35.3) 30 (36.6) 17 (20.7) 31 (37.8) 34 (41.5) 2 (2.4) 15 (18.3 ) 65 (79.3)

Age ≥ 71 years: 98 (55.4%) 30 (30.6) 35 (35.7) 33 (33.7) 0.62 21 (21.7) 36 (37.1) 40 (41.2) 0.41 2 (2) 22 (22.5) 74 (75.5) 0.20
< 71 years: 79 (44.6%) 19 (24.0) 30 (38.0) 30 (38.0) 18 (22.8) 22 (27.9) 39 (49.3) 0 (0) 23 (29.1) 56 (70.9)

Dukes A+B: 95 (53.7%) 28 (29.5) 36 (37.9) 31 (32.6) 0.63 18 (19.2) 35 (37.2) 41 (43.6) 0.23 2 (2.1) 24 (25.3) 69 (72.6) 0.08
C: 40 (22.6%) 8 (20.0) 17 (42.5) 15 (37.5) 8 (20.0) 13 (32.5) 19 (47.5) 0 (0) 16 (40.0) 24 (60.0)
D: 42 (23.7%) 13 (30.9) 12 (28.6) 17 (40.5) 13 (31.0) 10 (23.8) 19 (45.2) 0 (0) 5 (11.9) 37 (88.1)

Site Proximal: 47 (26.6%) 14 (29.8) 19 (40.4) 14 (29.8) 0.25 15 (31.9) 12 (25.5) 20 (42.6) 0.26 1 (2.1) 5 (10.7) 41 (87.2) 0.03
Distal: 54 (30.5%) 12 (22.2) 16 (29.6) 26 (48.2) 10 (18.9) 16 (30.2) 27 (50.9) 0 (0.0) 19 (35.2) 35 (64.8)
Rectum: 76 (42.9%) 23 (30.3) 30 (39.5) 23 (30.2) 14 (18.4) 30 (39.5) 32 (42.1) 1 (1.3) 21 (27.6) 54 (71.1)

Grade I: 125 (70.6%) 35 (28.0) 45 (36.0) 45 (36.0) 0.65 24 (19.4) 42 (33.9) 58 (46.8) 0.52 2 (1.6) 32 (25.6) 91 (72.8) 0.80
II: 24 (13.6%) 9 (37.5) 7 (29.2) 8 (33.3) 8 (33.3) 5 (20.8) 11 (45.9) 0 (0) 5 (20.8) 19 (79.2)
III: 7 (4.5%) 1 (14.0) 4 (57.0) 2 (29.0) 1 (14.2) 3 (42.9) 3 (42.9) 0 (0) 1 (14.3) 6 (85.7)

Histological type Non-mucinous: 161 (91.0%) 48 (30.0) 58 (36.0) 55 (34.0) 0.12 37 (23.0) 53 (33.0) 70 (44.0) 0.53 1 (1.0) 40 (25.0 ) 120 (75.0) 0.25
Mucinous: 16 (9.0%) 1 (6.3) 7 (43.8) 8 (49.9) 2 (12.5) 5 (31.3) 9 (56.2) 1 (6.3) 5 ( 31.3) 10 (62.4)

Pearson’s χ2. *Genotype VEGF-1154 G > A could not be analyzed in 1 patient.

Table III. Distribution (%) and frequency of genotypes in patients operated on for CRC

VEGF-2578 C > A VEGF-1154 G > A* VEGF936 C > T

Variable n % Variable n % Variable n %

A/A 49 27.7 A/A 39 22.2 T/T 2 1.1
A/C 65 36.7 G/A 58 33.0 C/T 45 25.4
C/C 63 35.6 G/G 79 44.8 C/C 130 73.4

Allele C 128 72.3 Allele G 137 77.8 Allele C 175 98.9
Non allele C 49 27.7 Non allele G 39 22.2 Non allele C 2 1.1

Allele A 114 64.4 Allele A 97 55.1 Allele T 47 26.6
Non allele A 63 35.6 Non allele A 79 44.9 Non allele T 130 73.4

*Genotype VEGF-1154 G > A could not be analyzed in 1 patient.
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In the univariate analysis no significant differences in
OS were found for any of the studied polymorphisms.
However, for the +936C > T SNP, patients who showed a
T/T genotype had 100% OS after 6 years, patients with a
C/T genotype had 59.8% OS, and patients with a C/C
genotype had 55.5% OS. This difference was not statisti-
cally significant due to the low frequency of the T/T
genotype, as only two patients showed it (Fig. 1). The
study of OS and other clinicopathological variables is
shown in table V. Patients with localized tumors had
83.1% OS against patients with stages C and D, who had
49.3 and 8.0% OS, respectively (p < 0.001).

A stratified analysis of OS was performed using the
clinicopathological variables which were statistically sig-
nificant in the previous analysis. Any of the variables
showed significant differences, probably due to the popu-
lation size with infrequent alleles.

In our population, DFS after 6 years was 70%. During
follow-up, recurrence was detected in 36 patients. Recur-
rence was locoregional in 11 (30.5% patients), and dis-
tant recurrence was confirmed in 25 (69.5%) patients.

In the univariate analysis no significant differences
in SLE were seen according to the three SNPs studied
(Fig. 2). The analysis of SLE and the clinicopathologi-
cal variables is summarized in table V. In women, SLE
was 77.9%, and in men it was 63.6%, significantly lo-
wer (p = 0.05). According to Dukes’ stage SLE was

100% in stages A and B, 77% in stage C, and 48.8% in
stage D (p = 0.003).
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Table IV. Relationship of VEGF gene alleles with the clinicopathological variables of 177 patients with colorectal carcinoma

-2578 C > A -1154 G > A 936 C > T

Variable Allele A C/C p Allele A G/G p Allele T C/C p

Sex 0.80 0.39 0.10
Men 62 (65.3) 33 (34.7) 49 (52.1) 45 (47.9) 30 (31.6) 65 (68.4)
Women 52 (63.4) 30 (36.6) 48 (58.5) 34 (41.5) 17 (20.7) 65 (79.3)

Age 0.55 0.28 0.49
≥ 71 years 65 (66.3) 33 (33.7) 57 (58.8) 40 (41.2) 24 (24.5) 74 (75.5)
< 71 years 49 (62.0) 30 (38.0) 40 (50.7) 39 (49.3) 23 (29.1) 56 (70.9)

Dukes 0.69 0.18 0.01
A+B 64 (67.4) 31 (32.6) 53 (56.4) 41 (43.6) 26 (27.4) 69 (72.6)
C 25 (62.5) 15 (37.5) 21 (52.5) 19 (47.5) 16 (40.0) 24 (60.0)
D 25 (59.5) 17 (40.5) 23 (54.8) 19 (45.2) 5 (11.9) 37 (88.1)

Site 0.07 0.57 0.03
Proximal 33 (70.2) 14 (29.8) 27 (57.4) 20 (42.6) 6 (12.8) 41 (87.2)
Distal 28 (51.8) 26 (48.2) 26 (49.1) 27 (50.9) 19 (35.2) 35 (64.8)
Rectum 53 (69.8) 23 (30.2) 44 (57.9) 32 (42.1) 22 (28.9) 54 (71.1)

Grade 0.90 0.98 0.63
I 80 (64.0) 45 (36.0) 66 (53.3) 58 (46.8) 34 (27.2) 91 (72.8)
II 16 (66.7) 8 (33.3) 13 (54.1) 11 (45.9) 5 (20.8) 19 (79.2)
III 5 (71.4) 2 (28.6) 4 (56.1) 3 (42.9) 1 (14.3) 6 (85.7)

Histological type 0.21 0.34 0.37
Non-mucinous 106 (66.0) 55 (34.0) 90 (56.0) 70 (44.0) 41 (26.0) 120 (75.0)
Mucinous 8 (50.1) 8 (49.9) 7 (43.8) 9 (56.2) 6 (37.6) 10 (62.4)

Pearson’s χ2. *Allele A -2578C > A: genotype A/A and C/A, allele A -1154G > A: genotype AA and GA, allele T 936C > T: genotypes T/T and C/T. **Genotype VEGF-1154
G > A could not be analyzed in 1 patient.

1.0

0.8

0.6

0.4

0.2

0.0

-50.00 0.00 50.00 100.00 150.00

+936 T/T

+936 C/T

+936 C/C

Fig. 1. Overall survival of patients with CRC in concordance with SNP
VEGF936 C > T.
Supervivencia global acumulada de los pacientes con carcinoma colo-
rrectal de acuerdo con los genotipos del polimorfismo VEGF936C > T.
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No significant differences were found in the stratified
analysis of SLE with clinicopathological variables.

DISCUSSION

Angiogenesis is a sequence of processes starting with
vessel dilatation and pericyte recruitment in pre-existing
vessels, followed by endothelial cell proliferation, forma-
tion of new vessels, and recruitment of perivascular cells.
Therefore, angiogenesis is a key element in tumor devel-
opment, invasion and metastasis. VEGF is one of the
growth factors involved directly in the control of angio-
genesis (15,16).

The VEGF gene is located in chromosome 6p12 and is
composed of eight exons and seven introns (6). It is a
polymorphic gene with more than 15 SNPs described
(7,17). Some of these polymorphisms (-2578C > A,
-1154G > A, -634G > C and +936C > T) have been relat-
ed to protein expression (7,10). In this study we have an-
alyzed the -2578C > A, -1154G > A and +936C > T
VEGF SNPs and their relation with clinicopathological
variables and survival in a population of 177 patients op-
erated on for colorectal carcinoma.

-2578C > A SNP distribution in our population was
36.6% CC genotype, 36.7% CA genotype and 37.7% AA
genotype. This distribution is similar to the one found by
Lemos et al. (18) for this SNP in a control group of
healthy subjects. However, the distribution of the -1154G
> A SNP they found in the group of patients shows some
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Table V. Univariate analysis of overall survival in 177 colorectal carcinoma patients. Cox analysis

Variables Category OS HR CI 95% p DFS HR CI 95% p
72 month (%) 72 months (%)

Sex Men 53.1 1.4 0.9-2.2 0.17 63.6 1.9 0.9-3.9 0.05
Women 61.4 77.9

Age ≥ 71 years 52.7 1.3 0.8-2.1 0.30 65.4 1.8 0.9-3.6 0.10
< 71 years 62.2 78.4

Dukes A + B 83.1 1.9-8.1 < 0.001 100 Undeterm. - 0.003
C 49.3 3.9 8.5-29.7 77.7 -
D 8.0 15.9 48.8

Site Proximal 49.9 0.14 73.8 0.32
Distal 52.4 1.8 1.0-3.2 61.0 1.1 0.5-2.8
Rectum 64.5 1.4 0.8-2.4 75.8 1.7 0.8-3.6

Grade I 58.3 0.25 70.0 0.95
II 46.9 1.7 0.9-3.2 73.3 0.9 0.3-2.7
III 41.7 1.5 0.5-4.8 66.7 1.4 0.2-10.2

Histological type Non-mucinous 58.9 0.7 0.3-1.3 0.28 72.5 0.6 0.2-1.4 0.25
Mucinous 41.3 53.0

VEGF -2578 A/A 61.2 0.79 81.5 0.37
A/C 59.5 0.9 0.5-1.5 66.9 0.6 0.2-1.5
C/C 52.2 0.8 0.5-1.4 67.1 1.0 0.5-2.1

VEGF -1154 A/A 52.7 0.26 78.8 0.74
G/A 66.3 1.1 0.6-1.9 71.1 0.7 0.3-1.9
G/G 52.1 0.7 0.4-1.2 68.3 0.9 0.4-1.9

VEGF 936 T/T 100 0.37 100 0.36
C/T 59.8 < 0.0001 0.0-∞ 66.3 < 0.0001 0.0-∞
C/C 55.5 0.8 0.5-1.3 72.0 1.3 0.7-2.6

OS: overall survival; DFS: disease-free survival; HR: hazard ratio; CI: confidence interval. Statistical signification: p < 0.05.

1.0

0.8

0.6

0.4

0.2

0.0

-50.00 0.00 50.00 100.00 150.00

+936 T/T

+936 C/T

+936 C/C

Fig. 2. Disease-free survival of patients with CRC in concordance with
SNP VEGF936 C > T.
Supervivencia libre de enfermedad acumulada de los pacientes con
carcinoma colorrectal de acuerdo con los genotipos del polimorfismo
VEGF936C > T.
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differences with our data. The frequency of allele A in
our population is higher than in the study of Lemos et al.
(22 vs. 7%) (18). The distribution of allele +936C > T
SNP in our group of patients was very similar to the fre-
quency observed by other authors in a group of healthy
subjects (19,20).

Different studies have demonstrated that VEGF gene
expression is influenced by SNPs occurring in this gene.
In this manner, -2578C > A and -1154C > G have been
related to increased VEGF protein expression (11,12)
while the presence of a T allele in the +936 C > T SNP
correlated with lower levels of this protein (10). In a
meta-analysis published by De Guetz et al., which in-
cluded 27 studies, they found that VEGF overexpression
is significantly correlated with lower OS and increased
risk of recurrence (21).

We found a significant relation of T allele in 936C > T
SNP and Dukes’ stage. This allele exhibits low frequency
in stage D and is related to early stages of the disease. In
the analysis of OS, patients with the +936T/T genotype
showed 100% OS. However, other authors have associat-
ed this genotype to advanced stages and distant metas-
tases (22), and the presence of allele T has been related to
shorter survival (23,24).

Our findings are based on the analysis of 177 patients
operated on for CRC by a single surgeon. The prevalence
of genotype +936T/T in our population was 1.1%, there-
fore it would be necessary to increase our population size
to confirm these data. In case we could confirm our find-
ings, the analysis of the +936C > T SNPwould be helpful
in the follow-up and management of these patients.
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