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Abstract

Angiogenesis, resulting from an imbalance between angiogenic activator factors and inhibitors, is required for
tumour growth and metastasis. The determination of the circulating concentration of all angiogenic factors (acti-
vators and inhibitors) is not feasible at present. We have evaluated diagnostic and prognostic values of the
measurement of serum angiogenic activity in colorectal carcinoma (CRC) patients. Serum proliferative activity
(PA) on human umbilical vein endothelial cells (HUVEC) in vitro, and serum vascular endothelial growth factor
(VEGF) levels were determined by ELISA in 53 patients with primary CRC, 16 subjects with non-neoplastic gas-
trointestinal disease (SC) and 34 healthy individuals. Data were compared with clinical outcome of the patients.
Although serum from CRC patients significantly increased the PA of HUVEC, compared to culture control
(HUVEC in medium + 10% foetal bovine serum (FBS); P < 0.001); our results indicate that serum PA in CRC
patients was similar to that of SC or healthy individuals. There was no correlation between serum PA and circu-
lating VEGF concentrations. Surgery produced a decrease of PA at 8 hrs after tumour resection in CRC patients
compared to pre-surgery values (186 + 47 versus 213 + 41, P < 0.001). However, an increase in serum VEGF
values was observed after surgery (280 [176—450] versus 251 [160-357] pg/ml, P = 0.004). Patients with lower
PA values after surgery showed a worse outcome that those with higher PA values. Therefore, this study does
not support a diagnostic value for serum angiogenic activity measured by proliferative activity on HUVEC but
suggests it could have a prognostic value in CRC patients.
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endometrial regulation, reproductive cycle and
wound repair. However, in many pathological condi-
tions such as solid tumour, disease progression
appears to be driven by persistent up-regulated
angiogenesis [1].

Though the mechanisms leading to pathological
angiogenesis are still not obvious, recent evidence indi-
cates that this phenomenon is the result of an imbalance
between angiogenic activator factors and inhibitors [2].

Traditionally, the clinical outcome of colorectal
cancer (CRC) patients has been predicted by patho-
logical staging, by either Dukes’ staging or the UICC-
TNM system. However, in some cases, this staging
does not reflect the recurrence or the development of
metastasis, making the search for new prognostic
indicators in CRC a subject of interest [3].
Angiogenesis markers have been considered valu-
able prognostic factors for cancer patients [4]. In
addition, each individual tumour patient’s angiogene-
sis status should be assessed in order to improve the
efficacy of a putative anti-angiogenic therapy, there-
fore identifying the types of tumours most suitable for
anti-angiogenic therapy, and the most promising
therapies for every group of patients.

The most frequently used methods of assessing
tumour angiogenesis are microvessel density
counts, immunostaining and reverse transcriptase-
polymerase chain reaction (RT-PCR) for angiogenic
cytokines [4]. All of these techniques require tumour
tissue and are therefore generally performed on
post-operative specimens. More recently, measure-
ments of blood levels of angiogenic factors or
inhibitors have been used, with the advantage that
they are non-invasive, can be performed in situ, and
may be used to monitor response to treatment. A
number of studies on the role of the measurement of
the soluble mediators of angiogenesis in predicting
the prognosis of the patients with CRC have been
published, but their results are contradictory [5-9]. A
possible explanation for these contradictory results
could be that both host and tumour cells can gener-
ate various positive and negative regulators of angio-
genesis, and the final angiogenesis status will be the
result of the imbalance between positive and nega-
tive regulators of neovascularization. Since the quan-
tification of the concentration of all of these media-
tors is not feasible at present, an easier experimen-
tal approach has been proposed, consisting in the
measurement of the angiogenic activity of patients
sera by means of their capability to induce prolifera-
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tion of human endothelial cells in vitro [10]. Serum
angiogenic activity has been suggested to correlate
to circulating VEGF concentration in patients with
breast carcinoma [11], but not in those with renal cell
carcinoma [12]. To our knowledge, no obvious indica-
tions about the clinical relevance of this new angio-
genic parameter in CRC have been reported.

With the purpose of evaluating the diagnostic and
prognostic values of the measurement of serum PA in
CRC patients, we investigated if serum angiogenesis
measured by proliferative activity in CRC patients cor-
relates with their clinicopathological characteristics,
their overall survival or serum VEGF levels.

Methods

Patients’ samples

Fifty-three patients (25 female and 28 male) with primary
CRC, all candidates for surgery resection of primary
tumour were included in this study. None of them received
radiotherapy or chemotherapy before surgery. Mean age
was 67 years (range 30—86 years). Sixteen (8 female and
8 male) subjects with non-neoplastic disease (polyps, ade-
noma, non-fistulating diverticular disease, cholecystitis and
others) that underwent conventional open bowel surgery
were included as sex- and age-matched surgery control
(SC) group. Mean age was 64 (range 32—-80 years). Thirty-
four healthy individuals (17 female and 17 male) were
recruited as healthy control group. Mean age was 45 years
(range 22-70 years). All samples were obtained with
patient and control subject consent and local ethical com-
mittee approval.

Peripheral blood was drawn pre-operatively and 8 hrs
after surgery in both CRC patients and in SC subjects. From
healthy individuals a unique sample was obtained. After
20-30 min. of coagulation at room temperature, serum was
separated and stored at —80°C until in vitro studies.

HUVEC proliferation assay

Human umbilical vein endothelial (HUVE) cells were isolat-
ed from fresh human umbilical cords (Hospital Costa del
Sol, Marbella, Spain) by collagenase digestion [13] and
were grown in Medium 199 containing HEPES (10 mM),
L-glutamine (2 mM), heparine (10 mg/ml), penicillin
(50 I1U/ml), streptomycin (50 wg/ml), and amphoterycin
(1.25 pg/ml) (M199), supplemented with 3 mg/l endothelial
cell growth supplement (ECGS, Sigma) and 20% foetal
bovine serum (M199-ECGS-FBS) in 5% CO, and 37°C on
gelatin-coated plastic plates.

121

Journal compilation © 2007 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd



Proliferative activity of HUVEC were estimated by the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT; Sigma Chemical Co., St. Louis, MO) dye reduction
assay in 96-well microplates was used, essentially as
described [14]. Four thousand HUVE cells in a total volume of
100 pl of M199-ECGS-FBS were added to each well of a 96-
well plate and they were allowed to attach and grow for 24 hrs
in a humidified atmosphere in 5% CO,, at 37°C. Hereafter, the
wells were washed with PBS and the test samples were
added to the wells at a final concentration of 10% (v/v) in
M199. Throughout the whole series of experiments, HUVE
cells incubated in M199 + 10% FBS were used as a standard
control. After 3 days of incubation (37°C, 5% CO, in a humid
atmosphere) media were aspirated, 100 pl of M199 and
10 pl of MTT (5 mg/ml in PBS) were added to each well, and the
plate was incubated for a further 4 hrs (37°C). The resulting
formazan was dissolved in 150 pl of 0.04 N HCI-2 propanol
and read at 550 nm. The results are expressed as percent-
age of proliferation versus control grown in M199 + 10% FBS,
and are means of eight experimental values.

VEGF immunoassay

Serum VEGF concentrations were measured in duplicate
with a commercially available quantitative sandwich
enzyme immunoassay kit (R&D Systems, Minneapolis,
MN) according to manufacturer’s guidelines.

Statistical analyses

Statistical analyses were performed using SPSS version
11.0. Statistical significance of proliferative activity was
determined using an analysis of variance (one-way ANOVA)
or Student’s t-test, as appropriate. Pearson’s coefficient of
correlation was used to find whether VEGF and proliferative
activity correlated. To compare the differences in VEGF val-
ues, Kruskal-Wallis test. Mann-Whitney U test and
Wilcoxon’s test were used. Overall survival of patients was
calculated as the number of months from surgery to death
or last follow-up. Only deaths from carcinomas were record-
ed as events. Survival curves were calculated by the
Kaplan-Meier method, and the significance of the differ-
ences by the log-rank test. Results were considered to be
significant when P < 0.05.

Results

Diagnostic value of serum proliferative
activity

Although the addition of CRC, SC or healthy individ-
uals serum to HUVEC cultures showed an increase
of PA compared to the standard control which was
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set to 100% (P < 0.001); there was no statistically
significant differences in the PA of sera obtained pre-
surgery from CRC, SC or from healthys individuals
on HUVE cells (Table 1). When CRC and SC patients
were matched to groups of high and low PA of sera
on HUVE cells, taking the 95™ percentile value of
healthy individuals as a cut-off, nine out of 53
(16.98%) CRC and 3 out of 16 (18.75%) SC patients
showed high proliferative values (Fig. 1). Only sera
from one CRC patient (1.81%) and one SC patient
(6.25%) showed PA values lower than the lowest
value observed in the healthy group.

No significant correlation between proliferative
activity of pre-surgery sera and clinicopathological
variables studied (tumour location, tumour category,
histologic grade, TNM stages [UICC, 1987], lymph
nodes metastases and distant metastases) was
found (Table 2).

Influence of surgery in serum
proliferative activity

The possible effect of surgery on the serum prolifer-
ative activity was determined by measuring serum
PA at 8 post-surgery hours. PA of sera from CRC
patients significantly decreased at 8 hrs after
tumour resection when compared to pre-surgery
values (Table 2; P<0.001). Surgical resection for
cure of the primary tumour was performed in 42 out
of 53 CRC patients. Eleven out of 53 patients suffer-
ing of hepatic metastases, peritoneal dissemination
and/or locally advanced unresectable tumours,
underwent palliative surgery only. Student’s t-test
analysis showed no significant differences in sera
PA at 8 post-operative hours between curative and
palliative surgery groups. Post-surgery sera from
patients with lymph node affectation presented
lower mean PA than those from patients with unaf-
fected lymph node (Table 2).

In SC patients, a significant decrease was
observed in serum PA at 8 hrs after surgery as com-
pared to pre-surgery values (Table 2). No significant
differences could be observed in post-operative PA
values, irrespective of coming from patients who
underwent colorectal resection or not (data not
shown). No significant differences in PA pre-surgery
and 8-hrs sera from CRC and SC patients were
observed.
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Table 1 Pre- and post-surgery serum angiogenic activity measured by proliferative activity on HUVE cells (PA expressed as
% of control serum PA) mean + S.D.) and VEGF levels (pg/ml; median, interquartile range) in patients with colorectal carcino-
ma (CRC) compared to patients who underwent surgery for non-malignant colorectal diseases (SC) and healthy individuals

Pre-surgery

8 hrs post-surgery

Patients n PA
CRC 53 213+ 41t
Primary tumour location

Colon 29 208 £ 47

Rectum 24 220 + 34
Surgery

Curative 42 212 + 42

Palliative 11 216 + 41
Lymph node metastases

Absent 36 214 + 42

Present 13 214 + 40
Distant metastases

Absent 45 212 + 41

Present 8 218 + 44
Serum proliferative activity

High (>250) 9

Low (<250) 44
SC 16 197 + 53%
Healthy individuals 34 201 + 37

VEGF n PA VEGF
251(160-357)tt 48 186 + 47t 280(176—-450)1t
250(156-301) 25 186 + 50 250(166—449)
260(161-435) 23 186 + 44 297(181-535)
251(158-354) 39 191 + 41 275(174—-448)
266(167—493) 9 166 + 64 334(192-850)
249(113-318) 34 194 + 40 258(141-390)
266(176—-479) 13 159 + 588 370(204-708)
253(160-376) 42 190 + 41 280(179-455)
215(132-292) 6 155 + 72 281(153-402)
243(155-372) 9 203(147-362)
252(160-352) 39 310(180-470)
183(115-467)# 15 171 £ 51% 190(97-550)*

162(133—241)

tPre-surgery versus 8 hrs post-surgery PA values in CRC (P < 0.001) and in ¥SC patients (P = 0.036) (Student’s test) Sabsent versus
present lymph node metastases PA values (P = 0.024; Student’s test), T pre-surgery versus 8 hrs post-surgery VEGF levels in CRC (P =

0.004) and in #SC patients (P = 0.001; Wilcoxon’s test).

Association between serum VEGF
levels and serum proliferative activity

No significant difference was observed in pre-sur-
gery serum VEGF levels between SC and CRC or
healthy groups (Kruskal-Wallis test, Table 1). No sig-
nificant differences in median serum VEGF values
were either observed when patients or healthy indi-
viduals were classified according to their age or gender.
As shown in Table 1, serum VEGF levels of CRC
patients significantly increased at 8 hrs after tumour
resection as compared to pre-surgery values (P =
0.004). When CRC patients were classified according
to their serum PA (taking 951 percentile of healthy
group, as a cut-off), no significant differences were
observed in circulating VEGF levels between
patients with high serum PA and those with low PA.

© 2007 The Authors

In SC group, at 8 hrs after surgery a significant
increase of VEGF levels was observed compared to
pre-surgery levels (Table 1, P=0.001). No significant
differences were observed between CRC and SC
patients and their pre- or post-surgery VEGF median
values.

Prognostic value of
serum proliferative activity

To study the association between PA values and
clinical outcome, 4 patients who died within 30 days
after surgery were excluded. Thirty-four of the 49
patients included in the statistical analysis of prog-
nostic values were alive at the time of the last fol-
low-up evaluation, including 1 patient with local
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Fig. 1 HUVE cell proliferative activity (PA) induced by serum
from colorectal cancer patients (CRC, n = 53), gastrointesti-
nal non-malignant diseases patient (SC, n = 16) and healthy
individuals (healthy, n = 34). Values represent relative per-
centages of proliferation compared to control serum (100%).
PA in CRC and SC patients and in healthy individuals were
increased compared to control values (P < 0.001).

300 - p=0.009
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100 -

PA (% of control)

Dead
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Fig.2 Serum proliferative activity in HUVE cells at 8 hr after
surgery tumour removal was lower in CRC patients who
died (Dead) during the time of the study compared with
patients who were living (Alive) at last follow-up evaluation.

recurrence and 2 with distant metastases. Fifteen
patients had died of carcinomas. No significant dif-
ferences were observed in pre-surgery (PA) values
between patients who had survived and those who
died (n = 34, 213 + 42 versus n = 15, 208 + 45).
Serum PA was only determined at 8 hrs after sur-
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gery in 45 of the 49 patients. Samples taken 8 hrs
after surgery from patients who had survived had
PA values significantly higher than those from
patients who died (n = 31, 196 + 37 versus n = 14,
157 + 57; P = 0.009; Fig. 2).

We used a univariate survival analysis consider-
ing the patients divided into two groups: PA values
less than or equal to median value of PA at 8 hrs
after surgery (191, cut-off value), and greater than
cut-off value in order to study the differences in
overall survival between these two groups. In these
groups of patients, considering all patients and only
uncensored data, we had a global set of patients
and the ranges were (23.14) and (36.77) for uncen-
sored data. After a median global follow-up of 42
months (4-68 months) log-rank test showed a sig-
nificant difference (P = 0.040) in overall survival
rates between both groups (Fig. 3). The percentage
of events and values of survival function are shown
in Table 3.

Discussion

Angiogenesis within colorectal cancer has been pro-
posed to be an important predictor of tumour behav-
iour that may identify patients at higher risk for recur-
rence and early death [15]. Increased vessel counts
have been associated with a higher risk of metasta-
sis and poor prognosis in colon cancer [16]. Tumour
VEGF expression has been shown in some studies
to have prognostic significance in CRC, while it did
not remain an independent prognostic factor in other
studies [3, 5, 16—19]. Determination of circulating lev-
els of angiogenic factors has also yielded conflicting
results [5-9]. Although TNM staging system remains
the mainstay for the post surgical management of the
disease, increasing experimental evidence indicates
that the evaluation of the angiogenesis status of CRC
patients may be a valuable clinical indicator.

The results of the present study demonstrate that
serum proliferative activity in patients suffering from
primary CRC is not higher than that of SC patients or
healthy individuals. Furthermore, PA values in the pre-
surgery sera from 53 CRC patients did not correlate to
any of the clinicopathological variables studied.
Therefore, according to our results, the measurement
of serum ability to stimulate the proliferation of HUVEC
in vitro, should not become a diagnostic tool in CRC.
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Table 2 Relationship between serum proliferative activity (% of control serum value) (mean+S.D.) and clinicopatho-

logic variables in patients with colorectal cancer

Patient number (n) Proliferation (%) Significance

Primary tumour location

Colon 29 208 £ 47

Rectum 24 220 + 34 P=0.276*
TNM stage

T1/2NOMO 9 219 + 46

T3/4NOMO 26 209 + 43

T1/2N1MO 5) 209 £ 34

T3/4N1MO 3 228 + 56

T4NxMO 2 213 £ 20

T4NXxM1 8 217 £ 44 P=0.971**
Histologic grade

1 Poorly differentiated 17 223 £ 37

2 Moderately differentiated 28 206 + 47

3 Well differentiated 211 £ 24 P =0.404**

Unknown
Tumour category

pT1 252

pT2 9 207 + 49

pT3 33 214 + 36

pT4 10 212 + 54 P =0.798**
Lymph node metastases

Absent 36 214 + 42

Present 13 214 £ 40 P =0.962*

Unknown 4
Distant metastases

Absent 45 212 £ 41

Present 8 218 £ 44 P=0.746*

*Student’s t-test.
**One-way ANOVA.

Table 3 Overall survival and PA values at 8 hrs after surgery

Time of mean

Number of S.E.
PA values Bvanis |7 (months)
< Cut-off 10/23 (43.48) 4
> Cut-off ~ 4/22(18.18) 4

S.E., standard error.

© 2007 The Authors

VEGF plays a pivotal role in regulation of normal and
pathological angiogenesis. VEGF is secreted by a wide
variety of cell types, including neutrophils, platelets and
tumor cells in response to hypoxia and inflamation, and
by malignant cells after oncogenic activation. The diag-
nostic value of the measurement of circulating VEGF in
CRC has been previously reported by some authors,
showing that serum VEGF levels were significantly
higher in CRC patients than in SC patients or in normal
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Fig.3 Kaplan-Meier overall survival curves of 45 patients,
following PA values at 8 hrs after surgery less than or
equal to cut-off level (n = 23) and greater than cut-off level
(n = 22). Patients with PA less than or equal to cut-off level
had poor prognostic.

controls (21-23). However, when circulating VEGF con-
centrations were evaluated in our group of patients, no
significant differences were observed among the three
groups of subjects (CRC, SC and healthy groups),
probably due to the variability of serum VEGF values in
the SC group.

This apparent contradiction between data
obtained with the measurements of the angiogenic
activity and those of circulating VEGF concentrations
is not surprising, since, as previously commented,
the global angiogenic activity in serum is the result of
a complex mixture of activators and inhibitors of
angiogenesis. Recently, Beecken ef al. [24] had
observed a positive correlation between serum PA
on HUVEC and serum VEGF levels in patients with
transitional cell carcinoma of the bladder. However,
we did not observe a positive association between
serum PA and serum VEGF levels in CRC patients.
In our hands, HUVE cells are more responsive to the
stimulation by bFGF than VEGF (results not shown),
what could render that significant changes in VEGF
concentrations do not translate into significant differ-
ences in the PA in vitro.

We also investigated the effect of surgery on
serum PA of CRC and SC patients. In both groups of
subjects, a similar time-course was observed, serum
PA decreasing at 8 hrs post-surgery. No significant
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differences were observed in 8-hrs sera from those
CRC patients undergoing palliative or curative sur-
gery. It should be noted that, according to our results,
serum PA from patients with lymph node affectation
was significantly lower than that from patients with
unaffected lymph node (Table 1, P = 0.024).

However, the effect of surgery on serum VEGF
concentration was very different to that observed on
angiogenic activity. An increase in circulating VEGF
levels was observed in CRC patients after surgery
(Table 1). This increase did not depend on patient
clinicopathological status. It has been reported that
after colorectal resection for both malign and benign
disease there was a transient but significant increase
in plasma VEGF at 6-8 hrs after surgery, probably
reflecting the release of VEGF in response to surgical
trauma [25]. The elevated levels may be associated
with the extent of surgery and the angiogenic burst
following trauma, but other factors, such as haemol-
ysis related to surgery or concomitant medication,
cannot be discarded [26].

In spite of the huge amount of information regard-
ing the diagnostic or prognostic value of serum
VEGF levels in cancer patients, very few studies
have tried to elucidate the diagnostic or prognostic
value of cancer patients’ serum mitogenic activity.
Morelli et al. [10] evaluated the capacity of sera from
patients with breast or gastrointestinal cancer to
modulate the proliferation of HUVEC. No correlation
of serum PA could be observed with serum VEGF
levels, nor with the stage of disease in breast cancer
patients. They found high endothelial cell stimulatory
activity in 15% of gastrointestinal cancer patients,
including in 18% (8 of 43) of intestinal cancer
patients. Similar figures arise from our results, since
we observed that 17% (9 out of 53) of CRC patients
exhibited an increased PA in their sera. On the other
hand, we also observed that a similar proportion (3
out of 16, that is 18%) of patients with non-malignant
gastrointestinal diseases had increased PA in their
sera. The control group in Morelli’s study included
patients with non-malignant tumour of the breast
(fiboroadenomas and phyllode tumour), while in our
study the control group was formed by patients with
gastrointestinal disease (colorectal adenomas,
polyps and others) undergoing abdominal laparotomy.

More recently, Beecken et al. [12] demonstrated
that serum PA is not elevated in patients suffering from
renal cell carcinoma when compared to healthy con-
trols. However, these authors observed a significantly
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increase of serum PA in patients with transitional cell
carcinoma of the bladder compared to healthy individ-
uals and a positive correlation between serum VEGF
concentration and serum PA; but they found that
patients with low pre-surgery serum angiogenic activ-
ity had a higher risk of disease progression [24].
According to their results, the detection of serum PA
might become a diagnostic and/or prognostic tool in
patients with bladder carcinoma but not in patients
with renal cell carcinoma. Our data indicate that CRC
patients with lower PA values at 8 hrs after tumour
removal can have a worse outcome than those
patients with high post-surgery PA values (Fig. 3). To
our knowledge, this is the first study devoted exclu-
sively to elucidate the diagnostic and prognostic rele-
vance of the determination of serum mitogenic activi-
ty in colorectal cancer. In addition, for the first time
results obtained in cancer patients are compared with
control patients suffering of benign gastrointestinal
disease, and the effect of surgery on their serum
angiogenic activity in both populations is determined.

The growing interest in the role of endothelium in
physiological and pathological conditions has led to
an increased demand for representative in vitro
model systems for angiogenesis. To date, HUVE
cells have been one of the principal sources of
endothelial cells for cell based assays in the field of
angiogenesis research. However, the study of genes
expressed in human tumour endothelial cells isolat-
ed from fresh surgical specimens of human tumours
and corresponding normal tissues has pointed out
that human tumour endothelium may not be well rep-
resented by HUVEC. This can be a limitation of our
study, and advises the use of more representative
models of tumoural angiogenesis, such as human
endothelial precursor cells [27].

In conclusion, the results of our study indicate that
there is no correlation between serum angiogenic
activity measured by proliferative activity on HUVE
cells and serum VEGF concentration in CRC, SC or
healthy individuals, and do not support the diagnos-
tic value of serum PA in CRC patients. However, the
measurement of post-surgery serum PA may have a
prognostic value in CRC patients.
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