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Abstract

Background: Colorectal cancer (CRC) is an important current problem concerning public health due to its high
incidence and mortality. Advances in molecular and cellular knowledge and the detection of new disease biomarkers
are very important to improve prognosis, prediction, and early diagnosis. In this study, we aimed to analyze the gene
and protein expression levels of two angiogenic markers, VEGF and soluble Endoglin, during different tumor stages as
well as at different stages of cancer treatment, to predict the diagnosis and evolution of colon and rectal cancer.

Material and methods: This study includes 133 CRC patients (93 with colon cancer and 40 with rectal cancer) on
which the gene and protein expression of Endoglin (membrane and soluble form) and VEGF were analyzed by
molecular and immunohistochemical techniques on different tumor stage samples and plasma obtained
preoperatively as well as 3, 6, and 9months after resection of the tumor.

Results: VEGF and Endoglin gene expressions were higher in tumor tissue than in surrounding non-tumoral tissue for
both types of cancer. The VEGF levels in plasma were found to decrease in less aggressive tumors, whereas soluble
Endoglin was increased in preoperative samples of patients with metastasis. Membrane Endoglin expression was
higher on the vascular endothelium of more aggressive tumors. In contrast, Endoglin expression was mainly in the
colon epithelium in less aggressive stage tumors.

Conclusion: Endoglin and VEGF are proteins with a major role in the tumor angiogenesis process. This study
performed with a wide cohort of human samples shows that both proteins seem to be valuable biomarkers in the
diagnosis and prognosis of CRC.
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Introduction
Colorectal cancer (CRC) is the second leading cause of
cancer-related death in developed countries and is thus
a significant clinical problem [1].
CRC is the result of an accumulation of genetic alter-

ations, either inherited and/or caused by endogenous

and exogenous factors that transform the normal tissue
to benign adenoma/dysplasia to malignancy [2–6].
Understanding the molecular changes occurring in

CRC is important to discover potential new biomarkers
that help to improve the early detection, prognosis, and
prediction of response to treatment [7, 8]. The identifi-
cation of such biomarkers might lead to more personal-
ized, specific, and less toxic treatments for CRC patients.
The angiogenesis process, involving the formation of
new blood vessels from preexisting vessels, is essential
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for solid tumor growth, progression, and, most import-
antly, metastasis formation [9, 10]. Angiogenesis is
highly regulated by various factors involved in different
signalling pathways. Among these pathways, the Vascu-
lar Endothelial Growth Factor (VEGF) and Transforming
Growth Factor-β (TGF-β) family of proteins are espe-
cially relevant [11, 12].
VEGF is one of the most potent angiogenic growth

factors and is expressed by most human cancers. An
increase in VEGF synthesis has been associated with
tumor vascularization, metastasis, chemoresistance,
and a worse prognosis [11, 13]. VEGF and its
receptors are usually overexpressed in solid tumors
and are promising targets for the treatment of neo-
plasms [14, 15].
Endoglin (Eng), also called CD105, is a 180-kDa ho-

modimeric transmembrane glycoprotein that belongs to
TGF-β family receptors. Endoglin is essentially expressed
on endothelial cells that form the arteries, veins, and ca-
pillaries and plays an important role in cardiovascular
diseases, angiogenic processes, and cancer [16–19].
Endoglin binds TGF-β1, TGF-β3, and BMP9 with great
affinity, forming a receptor complex with TβR-I and
TβR-II [20–22]. A soluble form of Endoglin (sEng) has
been described. sEng is released through the proteolytic
cleavage of the extracellular domain of membrane Endo-
glin by the metalloprotease MMP14 [23]. An increase in
sEng in circulation occurs during different pathophysio-
logical processes, such as endothelial injury, migration,
angiogenesis, inflammation, cardiovascular diseases, pre-
eclampsia, and tumor angiogenesis [24–27].
The main objective of this work is to determine VEGF

and Endoglin expression in tumoral and non-tumoral
adjacent tissue of the surgical pieces and in plasma, be-
fore and after surgery, to correlate VEGF and Endoglin
expression in tumor samples with the clinical and patho-
logical stages, progression, and prognosis in colorectal
cancer.

Materials and methods
Patients
This longitudinal study prospectively included 133 pa-
tients with malignant polyps and different colorectal
cancer (CRC) stages (0–IV). We included pedunculated
or sessile polyps with invasive carcinoma that fulfilled
the criteria for surgery for any of these reasons: incom-
plete endoscopic resection, poorly differentiated lesions,
vascular and/or lymphatic invasion, and those whose
margin of resection was invaded. After the resection of
tumor samples, the patients were followed-up for a max-
imum period of 2 years. All tissue samples were ac-
quired, stored in a biobank (IdiPaz Biobank), and
subsequently used in accordance with the Declaration of
Helsinki and the requirements of current Spanish

legislation on working with human biological samples
and the protection of personal data.
All patients in the study fulfilled the inclusion criteria:

older than 18 years, informed signed consent, specific
blood count, colonoscopy with biopsy and thoracic-
abdominal-pelvic computed tomography (CT) for the
clinical diagnosis of colon cancer (CC), pelvic magnetic
resonance (MR), and/or endoanal ultrasound scan for
the clinical diagnosis of rectal cancer (RC). Colon and
rectal cancer samples were classified in different stages
according to the last 2017 edition of the TNM system of
the American Joint Committee on Cancer (AJCC) and
the Union for International Cancer Control (UICC) [8].
This study included variables, such as age, sex, tumor
localization, TNM staging, surgical intervention, neoad-
juvant or adjuvant therapy, existence, and localization of
metastasis and exitus.

ELISA of soluble Endoglin and VEGF
Blood samples were collected from 37 RC and 81 CC pa-
tients at time 0 (immediately before surgery) and at dif-
ferent time points (3, 6, and 9 months) after resection of
the tumor sample. sEng and human VEGF concentra-
tions in plasma were measured and quantified by ELISA,
according to the manufacturer’s protocol by Quantikine
Human Endoglin/CD105 and Quantikine Human VEGF,
respectively (DNDG00 and DVE00; R&D Systems). All
immunoassays were measured with a GloMax multide-
tection system (Promega).

Immunohistochemistry
Endoglin expression was evaluated in paraffin-embedded
tissue samples from extracted tumors at different CC
and RC stages, and the control of healthy tissue in both
cases, colonic or rectal cancer, was represented by a
piece of normal tissue adjacent to the tumor lesion. The
number of samples analyzed for CC was 43, 26 patients
with less aggressive stages (malignant polyp and stages
0, I and II) and 17 patients with aggressive stages (stages
III and IV). In the case of RC, there were only 5 samples
(3 less aggressive and 2 more aggressive). Tumoral and
non-tumoral pieces contained roughly the same propor-
tion of isolated vessels; therefore, the normalization is
quite accurate. We were very cautious not to take the
highly vascularized regions of the tumor, to avoid the
bias in the interpretation of the results. For the immuno-
histochemical staining of Endoglin, 5 μm deparaffinized
and hydrated sections were incubated with a primary
mouse monoclonal anti-CD105 antibody (clone SN6H,
M3527, Dako). After primary antibody incubation, the
samples were washed and incubated with HRP-
conjugated secondary goat anti-mouse antibodies. HRP
activity was amplified with DakoEnVisionTM + Dual
Link System-HRP (K4063, Dako). Visualization was
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performed with a DAB substrate Kit (K3467, Dako).
Slides were counterstained with hematoxylin 0.02% and
mounted with DPX (44581, Sigma-Aldrich). Images were
taken with an Olympus digital camera coupled to an
Axio Vert. A1 Zeiss microscope.

Total RNA extraction, cDNA synthesis, and quantitative
real-time PCR (RT-qPCR)
Total RNA was isolated from OCT-embedded biopsy
samples with a SpeedTools Total RNA Extraction Kit
(Biotools). The concentration of total RNA was assessed
spectrophotometrically. In addition to the quantification
of RNA, the purity was also measured by electrophero-
gram to be sure about the quality of the samples and
that they were DNA-free. One microgram of total RNA
was reverse transcribed using a cDNA reverse transcrip-
tion kit (4368814, Applied Biosystems); the priming
strategy was rando primers. The resulting cDNA was
used as a template for qPCR. The total amount of cDNA
was 2 μL per qPCR reaction, corresponding to a 1/20 di-
lution of the original cDNA product. The following for-
ward (Fw) and reverse (Rv) oligonucleotides were used
for selected genes (VEGF, Eng): hEng, Fw 5′-
GCCCCGAGAGGTGCTTCT-3′ and Rv 5′-TGCAG-
GAAGACACTGCTGT-3′; hVEGF, Fw 5′-TCTACC
TCCACCATGCCAAGT-3′and Rv 5′-GCTGCGCTGA
TAGACATCCA-3′. The size of real time products was
between 70 and 100 nt, depending on the gene. As an in-
ternal control, the mRNA levels of h18S were measured
using the primers Fw 5′-CGCTCCACCAACTAAGAA
CG-3′ and Rv 5′-CTAACACGGGAAACCTCAC-3′.
The samples were amplified using the iQSyBR-Green
Supermix (Bio-Rad), and the amplicons were detected
using a real-time PCR iQ5 instrument. The expression
was calculated according to delta-delta Ct method,
which is a standard broadly accepted method in litera-
ture [28].

Statistical analysis
Paired analysis was made by T Student test; ANOVA was
used for comparison of more than 2 groups. Degree of
statistical significance was considered as follows: p value ≤
0.05 (*), p value ≤ 0.01 (**), and p value ≤ 0.001 (***).

Results
The 133 patients with CRC were divided into two
groups, colon and rectal cancer, for the analysis. The pa-
tient characteristics are summarized in Tables 1 and 2.

Clinical description of the colon and rectal cancer cohorts
A total of 93 patients with CC were included in this
study (Table 1). The preoperative stage was divided into
two groups: 56 patients (60.2%) were diagnosed with less
aggressive stages (malignant polyp and stages 0, I, and

II), and 37 (39.8%) patients had more aggressive stages
(stages III and IV). Adjuvant treatment was administered
to 42 patients (45.2%) with stage III and stage II high
risk as lymphovascular invasion or pathologic T4 tumors
(pT4), according to the XELOX (oxaliplatin-capecita-
bine) scheme.
The group with RC comprised 40 patients (Table 2).

The preoperative stage was divided into two categor-
ies: less aggressive (polyp and stages 0, I, and II), in-
cluding 14 patients (35%), and more aggressive (stages
III–IV), including 26 patients (65%). Before the
surgery, 27 patients (67.55%) received neoadjuvant
therapy consisting of radiotherapy plus capecitabine.
The adjuvant treatment was administered to 28 pa-
tients (70%) according to the XELOX (oxaliplatin-cap-
ecitabine) scheme.

Gene expression of Endoglin and VEGF in colon and
rectal tissue samples
An increase in Endoglin and VEGF gene expression was
found in CC samples compared with normal tissue sam-
ples (Fig. 1a), although no significant differences in
Endoglin or VEGF gene levels were achieved across all
tumor stages. Unfortunately, the variability is highly in-
fluenced by the type of treatment in more aggressive
stages (stages III and IV), added to a low number of
samples obtained, which makes it difficult to have statis-
tically significant differences. Therefore, all tumor stages
were included in a single group. The increment of VEGF
expression is stronger than that of Endoglin: approxi-
mately 80% of tumors express VEGF with higher values
than control, at variance with 60% of the tumors ex-
pressing higher Endoglin levels than control. On the
other hand, although the number of samples with RC
was smaller, Endoglin and VEGF gene expression levels
were also quantified (Fig. 1b). VEGF gene expression
was significantly higher (p < 0.05) in tumor tissue than
in normal tissue. Endoglin gene expression was in-
creased in tumors, but the differences were not statisti-
cally significant.

Soluble Endoglin (sEng) and VEGF plasma levels in
patients with colon cancer
sEng and VEGF levels were measured in patient plasma
samples before surgery (time 0) and in a prospective ana-
lysis at 3, 6, and 9months after tumor resection (Fig. 2).
Considering soluble Endoglin values (Fig. 2a), in the co-
hort studied, the average was higher than the control
values according to the literature (≤ 3.5 ng/mL) [29]. The
experiments leading to the control values of the popula-
tion of around 3.5 ng/mL for sEng were done in the same
laboratory and by the some experts who have now per-
formed the tests reported in the present research article.
Although there were no statistically significant differences
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in sEng levels at any time point during the follow-up
period, an increasing trend at up to 6months after surgery
was observed. In contrast, a decrease was observed in the
last two time points and was significant after 9months of
tumor sample resection.
In less aggressive CC stages, sEng levels increase sig-

nificantly up to 3–6 months after surgery, and then de-
crease thereafter. On the other hand, in more aggressive
stages, sEng levels do not change during the follow-up
period and are increased in all stages (Sup Figure 1A).

The variability found in postoperative sEng levels could
be due to the influence of treatment or non-treatment
after surgery. Regarding treatment with bevacizumab, we
only registered nine patients, but we have hypothesized
that if the patient is a good responder, then sENG is dif-
ficult to detect, because angiogenesis decreases, and so is
sENG and VEGF. However, if the patient becomes re-
sistant to bevacizumab in time, the tumor will recur, and
there will be neoangiogenesis again, with an increase in
sEng and VEGF.

Table 1 Colon cancer patient characteristics

Characteristic Patients (n = 93) Frequency (%)

Gender

Male 58 62.4

Female 35 37.6

Age (years)

≤ 65 24 25.8

> 65 69 74.2

Tumor site

Right colon 31 33.3

Transverse colon 8 8.6

Descending colon 13 14

Sigmoid colon 40 43

Synchronous tumors 1 1.1

Colonoscopy biopsy

Adenocarcinoma 76 81.7

Polyp 17 18.3

TNM postoperative stage (pTNM)

Less aggressive (polyp, stages 0, I, and II) 56 60.2

More aggressive (stages III and IV) 37 39.8

Adjuvant treatment (XELOX, oxaliplatin-capecitabine)

Yes 42 45.2

No 51 54.8

Metastasis

Yes 21 22.6

Synchronous 12 12.9

Metachronous 9 9.7

No 72 77.4

Metastasis location

Liver 14 15.1

Lung 2 2.1

Ganglion 1 1.1

Other locations 4 4.3

Survival (at the end of study)

Alive 88 94.6

Died 5 5.4

pTNM pathological classification of tumor-node-metastasis system according to 2017 last edition
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In relation to VEGF determinations, a threshold above
50 pg/mL could be assumed as pathological, while values
in the range between 30 and 50 pg/mL may be consid-
ered the normal range. These data come from the ELISA
test protocol references and can be considered normal
according to the reviewed literature [30, 31]. The mean

VEGF levels at time 0 were higher than the control
values (30–50 pg/mL), although this value decreases in
time and is maintained at the borderline of levels during
the follow-up period (Fig. 2b).
Considering the TNM stage (Sup Figure 1B), at time

0, 58%, and 67% of patients with less or more aggressive

Table 2 Rectal cancer patient characteristics

Characteristic Patients (n = 40) Frequency (%)

Gender

Male 26 65

Female 14 35

Age (years)

≤ 65 15 37.5

> 65 25 62.5

Tumor site

High rectum (11–15 cm from AM) 13 32.5

Medium or low rectum (6–10 cm and 0–5 cm from AM) 27 67.5

Colonoscopy biopsy

Adenocarcinoma 39 97.5

Polyp 1 2.5

Neoadjuvant treatment (radiotherapy plus capecitabine)

Yes 27 67.5

No 13 32.5

TNM preoperative stage (cTNM)

Less aggressive (polyp, stages 0, I, and II) 14 35

More aggressive (stages III and IV) 26 65

TNM postoperative stage (pTNM/ypTNM)

Less aggressive (polyp, stages 0, I, and II) 26 65

More aggressive (stages III and IV) 14 35

Adjuvant treatment (XELOX, oxaliplatin-capecitabine)

Yes 28 70

No 12 30

Metastasis

Yes 8 20

Synchronous 5 12.5

Metachronous 3 7.5

No 32 80

Metastasis location

Liver 2 7.5

Lung 3 5

Ganglion 1 2.5

Other locations 2 5

Survival (at the endo of study)

Alive 36 90

Died 4 4

cTNM clinical staging, pTNM pathologic staging, ypTNM neoadyuvant pathologic staging classifications of tumor-node-metastasis system according to 2017 last
edition, AM anal margin
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phenotypes of CC, respectively, have more than 30–50
pg/mL serum VEGF, although there is no statistically
significant difference. Notably, after resection of the
tumor sample, patients with less aggressive tumors
showed a gradual decrease in VEGF levels over months,
while more aggressive tumors maintained higher than
normal values after 6 months, and then decreased
thereafter.
Focusing on sEng and VEGF levels during metastasis

(Fig. 3) at time 0, patients with metastasis had slightly
higher values of sEng (Fig. 3a), with a p value in the limit
of significance (p = 0.0534). The VEGF levels before

surgery were also higher, although not statistically sig-
nificant (Fig. 3b).

Soluble Endoglin (sEng) and VEGF plasma levels in
patients with rectal cancer
The 83.3% and 84% of patients with less or more aggres-
sive RC, respectively, had higher than normal (3.5 ng/
mL) mean sEng plasma levels at time 0 (Fig. 4a). Consid-
ering the evolution of these levels, sEng increases signifi-
cantly over time. Due to the low number of samples,
those obtained after 9 and 12months were included in
the same group.

Fig. 1 Endoglin and VEGF mRNA expression levels increase in tumor samples comparing with non-tumoral ones. Samples from tumoral and non-
tumoral regions from different patients were collected during surgery. RNA was extracted and processed for RT-qPCR of human Endoglin and
VEGF genes in colon cancer samples (a) and rectum cancer samples (b). Fold change of mRNA expression levels with respect to levels from non-
tumoral samples are indicated. Results were normalized to 18SrRNA as a housekeeping gene, and respect to non-tumoral sample, reason why
this value is the same for both genes. *p < 0.05; **p < 0.01; ***p < 0.001 with respect to non-tumoral gene expression. NT, non-tumoral; T,
tumoral; Eng, Endoglin; VEGF, Vascular Endothelial Growth Factor

Fig. 2 Soluble Endoglin and VEGF plasma levels change after resection of colon tumor sample. Plasma samples from different patients at time 0
and at different time points (3, 6, 9, and 12 months) after resection of tumor samples were collected, and levels of sEng in nanograms per
milliliter (a) and VEGF in picograms per milliliter (b) were measured by ELISA and compared to time 0. The number of samples was different
between each time point: n = 53 (0), n = 19 (3), n = 13 (6), n = 4 (9), n = 8 (12) for sEng determination and n = 74 (0), n = 22 (3), n = 15 (6), n =
4 (9), n = 13 (12) for VEGF determination. The dashed lines in both graphs indicate the considered normal values levels for each protein. *p <
0.05; **p < 0.01 with respect to time 0 unless indicated between specified conditions. sEng, soluble Endoglin; VEGF: Vascular Endothelial
Growth Factor
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Fig. 3 Soluble Endoglin and VEGF plasma levels comparing metastasis and non-metastasis groups of colon cancer. Plasma samples from different
patients at time 0, at the same moment before resection of tumor sample were collected, and levels of sEng in nanograms per milliliter (a) and
VEGF in picograms per milliliter (b) were measured by ELISA. The number of samples was n = 14 (non-metastasis VEGF group), n = 11 (metastasis
VEGF group), n = 17 (non-metastasis sEng group), and n = 10 (metastasis sEng group). The dashed lines in both graphs indicate the considered
normal values levels for each protein. sEng, soluble Endoglin; VEGF, Vascular Endothelial Growth Factor; Met, metastasis; No Met, non-metastasis

Fig. 4 Soluble Endoglin and VEGF plasma levels change after resection of rectal tumor sample. Plasma samples from different patients at time 0
and at different time points (3, 6, and 9–12 months) after resection of tumor samples were collected, and levels of sEng in nanograms per
milliliter (a) and VEGF in picograms per milliliter (b) were measured by ELISA and compared to time 0. Percentage of VEGF levels downregulated
after resection of tumor and accompanied by a constant adjuvance treatment is represented in c, comparing different stages and time; the
normalization is done between each time 0 in the specified stage. The number of samples was different between each time point: n = 28 (0), n =
18 (3), n = 7 (6), n = 7 (9 + 12) for sEng determination and n = 35 (0), n = 18 (3), n = 9 (6), n = 6 (9 + 12) for VEGF determination. Dashed lines in
a and b graphs indicate the considered normal values levels for each protein. *p < 0.05; **p < 0.01 with respect to time 0 unless indicated
between specified conditions. sEng, soluble Endoglin; VEGF, Vascular Endothelial Growth Factor
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Considering the TNM stage (Sup Figure 2A), sEng levels
show a significant increase after resection in both less ag-
gressive (p < 0.05) and more aggressive stages (p < 0.01).
Concerning VEGF, 41.7% and 46.2% of patients with

less or more aggressive RC, respectively, had levels con-
sidered pathological at time 0, although the mean was in
the borderline of the control value (below 30–50 pg/mL)
(Fig. 4b). The VEGF levels tended to decrease during the
follow-up period, according to the TNM stage. Accord-
ing to the TNM stage, VEGF decreases with time in less
aggressive stages, while in more aggressive stages, VEGF
levels remain low and similar (Sup Figure 2B).
In RC patients, insufficient data concerning the meta-

static sample evolution of sEng and VEGF were obtained
due to the limited sample number.
Interestingly, VEGF analysis of patients subjected to

adjuvant treatment shows that VEGF is decreased after
resection in all stages, but in more aggressive stages, the
VEGF levels remain higher than in less aggressive stages
(Fig. 4c).

Endoglin protein in situ expression in colorectal tumors
The mRNA expression levels are not necessarily the
same as the protein expression levels. Since an increase
in sEng plasma levels in patients with CRC was found,
we detected in situ Endoglin membrane expression by
immunohistochemistry in tumoral versus non-tumoral
tissue samples to correlate the sEng levels found in
plasma. If there are blood vessels, we would expect
Endoglin staining in the endothelium (inner part of the
vessels); however, Endoglin is even expressed in the epi-
thelial cells, in tumoral cells. The staining is specific,
since controls with secondary antibody were made, and
no staining was observed.
In Fig. 5, we can observe groups of 4 pictures, on the

left side at × 20 magnification, on the right side at × 40
magnification. In the upper part, they correspond to
non-tumoral tissue (NT), which was taken adjacent to
the tumoral part during surgery.
Focusing on CC (Fig. 5a), we showed that in lower and

medium plasma sEng levels, there were no staining

Fig. 5 Endoglin immunostaining in colon and rectal cancer patient samples. One representative image of non-tumoral and tumoral zone from
different patients differentiating between low/medium levels of sEng or high levels of sEng in plasma of these patients. Tumoral area (T) versus
non-tumoral (NT) zone from colon (a) and rectal (b) cancer. Magnification × 20 and × 40
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differences between tumoral and non-tumoral counter-
parts in stroma and tubule cells. On the other hand, pa-
tients with higher sEng levels in plasma show more
conspicuous Endoglin staining in the tumoral stroma,
and there is no clear staining of tubules.
In the case of RC (Fig. 5b), in patients with lower sEng

levels in plasma, Endoglin staining is similar in non-
tumoral and tumoral areas, with the tubules and stroma
stained almost at the same level of intensity. At higher
levels of soluble Endoglin, staining in the tumoral
stroma becomes fainter, and membrane Endoglin stain-
ing in the tubules practically disappears.

Discussion
Colorectal cancer is an important problem regarding
public health due to its high incidence and mortality.
Its incidence is higher in men, and most of the pa-
tients are diagnosed above 50 years old [32]. In our
study, 63.16% of patients were male, 36.84% were fe-
male, and 70.67% were older than 65 years old.
Currently, the prognosis and treatment depend on the

clinic and histopathological stage, according to the TNM
system [8]. Long-term survival depends equally on
tumor stage, which is considered the most important
factor related to mortality.
In the present study, we consider that colon and rectal

cancer are different entities, given that they have a dif-
ferent embryological origin, anatomy, and functions [33].
Several biological and clinical hallmarks indicate that
they are not the same entity; therefore, the treatments
are different. Rectal cancer requires specific surgical
treatment (total mesorectal excision, TME) preceded by
neoadjuvant radiotherapy or chemoradiotherapy, de-
pending on the location or stage, which reduces the risk
of local recurrence, but does not improve survival com-
pared to surgery alone. In colon cancer patients with
positive lymph nodes, adjuvant systemic chemotherapy
following curative surgery improves survival [34, 35].
Samples from both cancer types were analyzed for the

expression of two putative biomarkers, Endoglin and
VEGF. The expression at the RNA level of both genes
was higher in tumoral tissues than in their non-tumoral
counterparts. In CC, 80% of the tumors expressed higher
levels of VEGF than those in normal tissues. This in-
creased expression in tumor tissue suggests VEGF ex-
pression as a possible tumor marker.
Furthermore, VEGF was measured in plasma over

time: preoperatively (immediately before surgery) and
during followed up at 3, 6, and 9 months after resec-
tion of the tumor sample. Preoperative levels of VEGF
in plasma were higher than the cut-off value (30–50
pg/mL). Our findings are similar to those previously
published by the Nielsen group [36], in which VEGF
levels in patients with CRC are higher than the values

in healthy subjects. Interestingly, the average VEGF
plasma levels in patients with CC were higher than the
mean level in patients with RC (107.93 pg/mL versus
63.92 pg/mL, respectively). Although rectal tumors were
diagnosed in more advanced stages and associated with a
worse prognosis, these values may indicate different
VEGF-dependent behavior between both types of tumors.
Comparing the different tumoral stages, more aggres-

sive tumor stages corresponded to increased VEGF
levels, well above the cut-off values of 30–50 pg/mL.
Subsequently, we observed how after surgery, patients
with less aggressive tumors showed a gradual decrease
in VEGF levels over months, while patients with more
aggressive tumors remained above normal values after 6
months. These data support some hypotheses described
by other authors suggesting that persistent high levels of
VEGF could be useful in predicting the radicality of
CRC resection and could be applied as a prognostic
marker [37–39].
Bevacizumab is an anti-angiogenic agent (targeting

VEGF) that was administered to 80% of patients with
metastatic colon cancer in our study, although the ob-
jective was not to analyze its impact on VEGF levels.
Antiangiogenic agents in combination with cytotoxic
chemotherapy are used to treat patients with metastatic
CRC in first and second line; however, a large propor-
tion of patients ultimately progress on bevacizumab
therapy and other anti-VEGF therapies. The determin-
ation of VEGF plasma levels before and during of beva-
cizumab administration could be useful for its
applicability, even to predict responses to treatment.
Further studies with longer follow-up periods and a
higher number of samples are required to clarify the im-
portance of this biomarker [40].
Most of the studies concerning Endoglin and cancer

have focused on its role as a proangiogenic factor and its
utility as an MVD (micro-vessel density) marker. How-
ever, our study describes the relation between the spe-
cific membrane Endoglin staining and the sEng levels
circulating in plasma. Moreover, Endoglin is even
expressed in the epithelial cells; in tumoral cells, this is
the important change to remark and the novelty of our
study.
In CC, intermediate or low sEng levels in plasma

are associated with no clear membrane Endoglin
staining differences in stroma and tubules when com-
paring non-tumoral versus tumoral tissues. In con-
trast, when sEng levels are increased, the staining of
membrane Endoglin is predominantly focused in
tumor stroma (very vascularized tissue), and this
staining disappears in the tubules. This effect is prob-
ably due to the active MMP14 shedding of membrane
Endoglin and its release into the blood, when becom-
ing more aggressive.
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In RC, when sEng levels were low, there was pre-
dominant and specific staining of Endoglin in the tu-
bule membrane (or Lieberkühn’s tubular vaults) of
non-tumoral areas and to a lesser extent in the tumor
stroma. As sEng levels increase, membrane Endoglin
staining is predominant in the tumor stroma area and
finally disappears when sEng levels are high, which is
normally concurrent with high-grade tumoral stages.
This correlation could again be explained because
membrane Endoglin is predominantly expressed in
endothelial cells, which are localized in the stroma,
and its expression may help to increase the tumoral
angiogenesis process. Endoglin expression in tumor
cells decreases over progression because processes
such as migration, invasion, and epithelial mesenchy-
mal transition are taking place, and the metallopro-
tease MMP14, which is responsible for the shedding
of membrane Endoglin, is active and increases sEng
release into the medium [23, 24]. Therefore, Endoglin
expression changes in the tumor and in the vascular
endothelium, modulating malignancy [40].
The fact that high sEng levels in patients are associ-

ated with poor cancer prognosis is interesting. A pos-
sible explanation could derive from its origin, since sEng
production might be a late event in carcinogenesis pro-
gression, and its antiangiogenic function may be irrele-
vant to tumor growth [41] in the most advanced stages.
Moreover, sEng preoperative levels were found to be

higher than normal values in 83.8% and 79% of patients
with RC or CC, respectively. Although no statistically
significant differences were found, there was a clear
tendency of higher sEng levels in more aggressive
stages than in less aggressive stages [42–45]. Strikingly,
preoperative sEng levels between patients with and
without metastasis showed a statistically significant dif-
ference in RC, with 87.91 ng/mL versus 4.70, respect-
ively, consistent with the same references mentioned
above.
This study is limited by the number of samples corre-

sponding to each tumor stage and the difficulty in
obtaining all the necessary samples. Another important
issue that limits the consistency of the study is the fact
of not having samples from a control group without evi-
dence of disease. For this reason, a second phase of the
study with a higher number of patients would expand
the results favorably and allow more consistent
conclusions.

Conclusions
Considering our results, we conclude that VEGF gene
expression is normally higher in tumor tissue and there-
fore can be considered a good angiogenesis tumor
marker in CRC. VEGF can also be an evolutionary indi-
cator of CRC patients after surgical intervention, taking

into account that in some cases, therapy can interfere
with this effect. The two forms of Endoglin, membrane
and soluble, can also be used to monitor the tumor sam-
ples. The membrane form is related to less or more ag-
gressive stages, whereas soluble Endoglin levels can be
used to monitor the first signs of metastasis.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12957-020-01871-2.

Additional file 1: Figure S1. Soluble endoglin and VEGF plasma levels
considering colon cancer TNM stage and time. Plasma samples from
different patients at time 0 and at different time points (3, 6 and 9-12
months) after resection of tumor samples were collected. Those samples
were divided considering TNM stages in less aggressive tumors (malig-
nant polyp and stages 0, I and II) and more aggressive tumors (stage III
and IV). Levels of sEng in ng/mL (A) and VEGF in pg/mL (B) were mea-
sured by ELISA and compared to time 0. The dashed lines in both graphs
indicate the considered normal values levels for each protein. The num-
ber of samples were different between each time point: n=23 (0), n=9
(3+6), n=5 (9+12) for sEng and stages I and II; n=22 (0), n=19 (3+6), n=11
(9+12) for sEng and stages III and IV; n=23 (0), n=9 (3+6), n=5 (9+12) for
VEGF and stages I and II; n=22 (0), n=21 (3+6), n=11 (9+12) for VEGF and
stages III and IV. *p<0.05 with respect to time 0 unless indicated between
specified conditions. sEng: soluble endoglin; VEGF: Vascular Endothelial
Growth Factor. Figure S2. Soluble endoglin and VEGF plasma levels con-
sidering rectal cancer TNM stage and time. Plasma samples from different
patients at time 0 and at different time points (3, 6, 9 and 12 months)
after resection of tumour samples were collected. Those samples were di-
vided considering TNM stages in less aggressive tumours (stage I+II) and
more aggressive tumours (Stage III+IV). Levels of sEng in ng/mL (A) and
VEGF in pg/mL (B) were measured by ELISA and compared to time 0.
The dashed lines in both graphs indicate the considered normal values
levels for each protein. The number of samples were different between
each time point: n=8 (0), n=6 (3+6), for sEng and stages I and II; n=18 (0),
n=16 (3+6) for sEng and stages III and IV; n=7 (0), n=5 (3+6) for VEGF
and stages I and II; n=18 (0), n=18 (3+6) for VEGF and stages III and IV.
*p<0.05; **p<0.01 with respect to time 0. sEng: soluble endoglin; VEGF:
Vascular Endothelial Growth Factor.

Abbreviations
AJCC: American Joint Committee on Cancer; CC: Colon cancer;
CRC: Colorectal cancer; CT: Computed tomography; Eng: Endoglin;
MR: Magnetic resonance; MVD: Micro-vessel density; RC: Rectal cancer;
sEng: Soluble form of Endoglin; TGF-β: Transforming Growth Factor-β;
TME: Total mesorectal excision; VEGF: Vascular Endothelial Growth Factor;
UICC: Union for International Cancer Control

Acknowledgements
The authors thank Laura Barrios (Statistic Department, CSIC) for statistic and
bioinformatics support, Marina Arranz Álvarez (IdiPaz Biobank) for technical
samples support, “Fundación de Investigación Médica Mutua Madrileña” for
its financial support granted to the research project, and to the
Coloproctology Unit of the University Hospital La Paz (Madrid) for their
collaboration.

Authors’ contributions
AN, EG, MPZ, LMB, and MIP have made the data acquisition, the analysis and
interpretation of data, as well as the drafting of manuscript. AN, EG, MPZ,
PM, JLM, AA, LMB, and MIP have contributed to the conception and design
of the study, as well as the critical revision of it. All the authors have read
and approved the final article. LMB and MIP contributed equally as senior
contribution.

Funding
No funding was received.

Nogués et al. World Journal of Surgical Oncology           (2020) 18:99 Page 10 of 12

https://doi.org/10.1186/s12957-020-01871-2
https://doi.org/10.1186/s12957-020-01871-2


Availability of data and materials
All data utilized in this study are not public but are available from the
corresponding authors upon reasonable request.

Ethics approval and consent to participate
This study was authorized by the research ethics committee of University
Hospital La Paz, and all patients signed informed consent before operation.
All tissue samples were acquired and used in accordance with contemporary
regulatory guidelines.

Consent for publication
All authors approved the final manuscript for publication.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of General Surgery, Hospital Universitario La Paz, 28046 Madrid, Spain.
2Centro de Investigaciones Biológicas (CIB), Consejo Superior de Investigaciones
Científicas (CSIC), Centro de Investigación Biomédica en Red de Enfermedades Raras
(CIBERER), 28040 Madrid, Spain. 3Department of Medicine, Sandra and Edward Meyer
Cancer Center, Weill Cornell Medicine, New York, NY 10021, USA. 4Department of
General Surgery, Hospital Universitario del Sureste de Madrid, Arganda del Rey,
Madrid, Spain.

Received: 6 March 2020 Accepted: 6 May 2020

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J Clin. 2018;68(1):

7–30.
2. Jessup JM, Gallick GE. The biology of colorectal carcinoma. Curr Probl

Cancer. 1992;16(5):261–328.
3. Kennedy EP, Hamilton SR. Genetics of colorectal cancer. Semin Surg Oncol.

1998;15(2):126–30.
4. Grady WM, Pritchard CC. Molecular alterations and biomarkers in colorectal

cancer. Toxicol Pathol. 2014;42(1):124–39.
5. Patel A, Tripathi G, Gopalakrishnan K, Williams N, Arasaradnam RP. Field

cancerisation in colorectal cancer: a new frontier or pastures past? World J
Gastroenterol. 2015;21(13):3763–72.

6. Arvelo F, Sojo F, Cotte C. Biology of colorectal cancer.
Ecancermedicalscience. 2015;9:520.

7. Gonzalez-Pons M, Cruz-Correa M. Colorectal cancer biomarkers: where are
we now? Biomed Res Int. 2015;2015:149014.

8. Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rödel C, Cervantes A, Arnold D.
Rectal cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2017; 1;28(suppl_4): iv22-iv40.

9. Folkman J. What is the evidence that tumors are angiogenesis dependent?
J Natl Cancer Inst. 1990;82(1):4–6.

10. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011; 4;144(5):646-674.

11. Ferrara N. VEGF and the quest for tumour angiogenesis factors. Nat Rev
Cancer. 2002;2(10):795–803.

12. Paauwe M, ten Dijke P, Hawinkels LJ. Endoglin for tumor imaging and
targeted cancer therapy. Expert Opin Ther Targets. 2013;17(4):421–35.

13. Byrne AM, Bouchier-Hayes DJ, Harmey JH. Angiogenic and cell survival
functions of vascular endothelial growth factor (VEGF). J Cell Mol Med. 2005;
9(4):777–94.

14. Maghathe T, Miller WK, Mugge L, Mansour TR, Schroeder J. Immunotherapy
and potential molecular targets for the treatment of pituitary adenomas
resistant to standard therapy: a critical review of potential therapeutic
targets and current developments. J Neurosurg Sci. 2018.

15. Zhao D, Hou H, Zhang X. Progress in the treatment of solid tumors with
apatinib: a systematic review. Onco Targets Ther. 2018;11:4137–47.

16. Burrows FJ, Derbyshire EJ, Tazzari PL, Amlot P, Gazdar AF, King SW, Letarte
M, Vitetta ES, Thorpe PE. Up-regulation of endoglin on vascular endothelial
cells in human solid tumors: implications for diagnosis and therapy. Clin
Cancer Res. 1995;1(12):1623–34.

17. Li C, Guo B, Bernabeu C, Kumar S. Angiogenesis in breast cancer: the role of
transforming growth factor beta and CD105. Microsc Res Tech. 2001;52(4):
437–49.

18. Kassouf W, Ismail HR, Aprikian AG, Chevalier S. Whole-mount prostate
sections reveal differential endoglin expression in stromal, epithelial, and
endothelial cells with the development of prostate cancer. Prostate Cancer
Prostatic Dis. 2004;7(2):105–10.

19. Paauwe M, Heijkants RC, Oudt CH, van Pelt GW, Cui C, Theuer CP, Hardwick
JC, Sier CF, Hawinkels LJ. Endoglin targeting inhibits tumor angiogenesis
and metastatic spread in breast cancer. Oncogene. 2016;35(31):4069–79.

20. Bellón T, Corbí A, Lastres P, Calés C, Cebrián M, Vera S, Cheifetz S, Massague
J, Letarte M, Bernabéu C. Identification and expression of two forms of the
human transforming growth factor-beta-binding protein endoglin with
distinct cytoplasmic regions. Eur J Immunol. 1993;23(9):2340–5.

21. Blanco FJ, Santibanez JF, Guerrero-Esteo M, Langa C, Vary CP, Bernabeu C.
Interaction and functional interplay between endoglin and ALK-1, two
components of the endothelial transforming growth factor-beta receptor
complex. J Cell Physiol. 2005;204(2):574–84.

22. Saito T, Bokhove M, Croci R, Zamora-Caballero S, Han L, Letarte M, de Sanctis
D, Jovine L. Structural basis of the human endoglin-BMP9 interaction: insights
into BMP signaling and HHT1. Cell Rep. 2017;19(9):1917–28.

23. Hawinkels LJ, Kuiper P, Wiercinska E, Verspaget HW, Liu Z, Pardali E, Sier CF,
ten Dijke P. Matrix metalloproteinase-14 (MT1-MMP)- mediated endoglin
shedding inhibits tumor angiogenesis. Cancer Res. 2010;70(10):4141–50.

24. Gallardo-Vara E, Blanco FJ, Roqué M, Friedman SL, Suzuki T, Botella LM,
Bernabeu C. 25. Transcription factor KLF6 upregulates expression of
metalloprotease MMP14 and subsequent release of soluble endoglin during
vascular injury. Angiogenesis. 2016;19(2):155–71.

25. Varejckova M, Gallardo-Vara E, Vicen M, Vitverova B, Fikrova P, Dolezelova E,
Rathouska J, Prasnicka A, Blazickova K, Micuda S, Bernabeu C, Nemeckova I,
Nachtigal P. Soluble endoglin modulates the pro-inflammatory mediators
NF-κB and IL-6 in cultured human endothelial cells. Life Sci. 2017;175:52–60.

26. Litwiniuk M, Niemczyk K, Niderla-Bielińska J, Łukawska-Popieluch I, Grzela T.
Soluble endoglin (CD105) serum level as a potential marker in the
management of head and neck paragangliomas. Ann Otol Rhinol Laryngol.
2017;126(10):717–21.

27. Flint EJ, Cerdeira AS, Redman CW, Vatish M. The role of angiogenic factors
in the management of preeclampsia. Acta Obstet Gynecol Scand. 2019.

28. Livak KJ, Schmittgen TD. Methods. Vol. 25. San Diego, CA: 2001. Analysis of
relative gene expression data using real-time quantitative PCR and the 2(-
Delta C(T)) Method.

29. Ojeda-Fernandez L, Barrios L, Rodriguez-Barbero A, Recio-Poveda L,
Bernabeu C, Botella LM. Reduced plasma levels of Ang-2 and sEng as novel
biomarkers in hereditary hemorrhagic telangiectasia (HHT). Clin Chim Acta.
2010;411(7-8):494–9.

30. Kut C, Mac Gabhann F, Popel A. Where is VEGF in the body? A meta-
analysis of VEGF distribution in cancer. Br J Cancer. 2007;97:978–85.

31. Ławicki S, Zajkowska M, Głażewska EK, Będkowska GE, Szmitkowski M.
Plasma levels and diagnostic utility of VEGF, MMP-9, and TIMP-1 in the
diagnosis of patients with breast cancer. Onco Targets Ther. 2016;9:911–9.

32. Brenner H, Hoffmeister M, Stegmaier C, Brenner G, Altenhofen L, Haug U. Risk
of progression of advanced adenomas to colorectal cancer by age and sex:
estimates based on 840,149 screening colonoscopies. Gut. 2007;56(11):1585–9.

33. Heald RJ, Moran BJ. Embryology and anatomy of the rectum. Semin Surg
Oncol. 1998 Sep;15(2):66–71.

34. Salem ME, Weinberg BA, Xiu J, El-Deiry WS, Hwang JJ, et al. Comparative
molecular analyses of left-sided colon, right-sided colon, and rectal cancers.
Oncotarget. 2017;8(49):86356–68.

35. Tamas K, Walenkamp AM, de Vries EG, van Vugt MA, Beets-Tan RG, van
Etten B, de Groot DJ, Hospers GA. Rectal and colon cancer: not just a
different anatomic site. Cancer Treat Rev. 2015;41(8):671–9.

36. Werther K, Christensen IJ, Nielsen HJ. Prognostic impact of matched
preoperative plasma and serum VEGF in patients with primary colorectal
carcinoma. Br J Cancer. 2002;86(3):417–23.

37. Beştaş R, Kaplan MA, Işikdoğan A. The correlation between serum VEGF
levels and known prognostic risk factors in colorectal carcinoma.
Hepatogastroenterology. 2014;61(130):267–71.

38. Karayiannakis AJ, Syrigos KN, Zbar A, Baibas N, Polychronidis A, Simopoulos
C, Karatzas G. Clinical significance of preoperative serum vascular
endothelial growth factor levels in patients with colorectal cancer and the
effect of tumor surgery. Surgery. 2002;131(5):548–55.

39. Myśliwiec P, Piotrowski Z, Zalewski B, Kukliński A, Pawlak K. Plasma VEGF-A
and its soluble receptor R1 correlate with the clinical stage of colorectal
cancer. Rocz Akad Med Bialymst. 2004; 49 Suppl 1:85-87.

Nogués et al. World Journal of Surgical Oncology           (2020) 18:99 Page 11 of 12



40. Van Cutsem E, Paccard C, Chiron M, Tabernero J. Impact of prior
bevacizumab treatment on VEGF-A and PlGF levels and outcome following
second-line aflibercept treatment: biomarker post hoc analysis of the
VELOUR trial. Clin Cancer Res. 2020 Feb 1;26(3):717–25.

41. Bernabeu C, Lopez-Novoa JM, Quintanilla M. The emerging role of TGF-beta
superfamily coreceptors in cancer. Biochim Biophys Acta. 2009;1792(10):
954–73.

42. Pérez-Gómez E, Del Castillo G, Juan Francisco S, López-Novoa JM, Bernabéu
C, Quintanilla M. The role of the TGF-β coreceptor endoglin in cancer.
ScientificWorldJournal. 2010;14(10):2367–84.

43. Takahashi N, Kawanishi-Tabata R, Haba A, Tabata M, Haruta Y, Tsai H, Seon
BK. Association of serum endoglin with metastasis in patients with
colorectal, breast, and other solid tumors, and suppressive effect of
chemotherapy on the serum endoglin. Clin Cancer Res. 2001;7(3):524–32.

44. Li C, Gardy R, Seon BK, Duff SE, Abdalla S, Renehan A, O'Dwyer ST, Haboubi
N, Kumar S. Both high intratumoral microvessel density determined using
CD105 antibody and elevated plasma levels of CD105 in colorectal cancer
patients correlate with poor prognosis. Br J Cancer. 2003; 6;88(9):1424-1431.

45. Gomceli I, Tez M, Bostanci EB, Turhan N, Kemik AS, Akoglu M. Preoperative
serum levels of soluble endoglin for prediction of recurrence in stage III
colorectal cancer patients. Acta Med (Hradec Kralove). 2012;55(2):74–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Nogués et al. World Journal of Surgical Oncology           (2020) 18:99 Page 12 of 12


	Abstract
	Background
	Material and methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Patients
	ELISA of soluble Endoglin and VEGF
	Immunohistochemistry
	Total RNA extraction, cDNA synthesis, and quantitative real-time PCR (RT-qPCR)
	Statistical analysis

	Results
	Clinical description of the colon and rectal cancer cohorts
	Gene expression of Endoglin and VEGF in colon and rectal tissue samples
	Soluble Endoglin (sEng) and VEGF plasma levels in patients with colon cancer
	Soluble Endoglin (sEng) and VEGF plasma levels in patients with rectal cancer
	Endoglin protein in situ expression in colorectal tumors

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

