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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

colon epithelium in less aggressive stage tumors.

diagnosis and prognosis of CRC.

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 9 months 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

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
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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
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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-p (TGF-B) 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
TGEF-pB 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-1, TGF-f3, and BMP9 with great
affinity, forming a receptor complex with TPR-I and
TPBR-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 2years. 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
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legislation on working with human biological samples
and the protection of personal data.

All patients in the study fulfilled the inclusion criteria:
older than 18years, 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 VEGEF,
respectively (DNDGOO and DVEOO; 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 um 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 DakoEnVision™ + 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. Al 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 uL 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 7 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
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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-1V), 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. 1la), 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 9 months 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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Table 1 Colon cancer patient characteristics
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Characteristic

Patients (n = 93) Frequency (%)

Gender
Male
Female
Age (years)
<65
> 65
Tumor site
Right colon
Transverse colon
Descending colon
Sigmoid colon
Synchronous tumors
Colonoscopy biopsy
Adenocarcinoma
Polyp
TNM postoperative stage (pTNM)
Less aggressive (polyp, stages 0, |, and Il)
More aggressive (stages Ill and IV)
Adjuvant treatment (XELOX, oxaliplatin-capecitabine)
Yes
No
Metastasis
Yes
Synchronous
Metachronous
No
Metastasis location
Liver
Lung
Ganglion
Other locations
Survival (at the end of study)
Alive
Died

58 624
35 376
24 258
69 74.2
31 333
8 86
13 14
40 43
1 1.1
76 817
17 183
56 60.2
37 398
42 452
51 548
21 226
12 129
9 97
72 774
14 15.1
2 2.1
1 1.1
4 43
88 946
5 54

PTNM pathological classification of tumor-node-metastasis system according to 2017 last edition

in sEng levels at any time point during the follow-up
period, an increasing trend at up to 6 months after surgery
was observed. In contrast, a decrease was observed in the
last two time points and was significant after 9 months 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.
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Table 2 Rectal cancer patient characteristics
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Characteristic Patients (n = 40) Frequency (%)
Gender

Male 26 65

Female 14 35
Age (years)

<65 15 375

> 65 25 62.5
Tumor site

High rectum (11-15 cm from AM) 13 325

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

Adenocarcinoma 39 97.5

Polyp 1 25
Neoadjuvant treatment (radiotherapy plus capecitabine)

Yes 27 67.5

No 13 325
TNM preoperative stage (CTNM)

Less aggressive (polyp, stages 0, |, and Il) 14 35

More aggressive (stages Ill and IV) 26 65
TNM postoperative stage (pPTNM/ypTNM)

Less aggressive (polyp, stages 0, |, and Il) 26 65

More aggressive (stages Ill and IV) 14 35
Adjuvant treatment (XELOX, oxaliplatin-capecitabine)

Yes 28 70

No 12 30
Metastasis
Yes 8 20

Synchronous 5 125

Metachronous 3 75
No 32 80
Metastasis location

Liver 2 75

Lung 3 5

Ganglion 1 2.5

Other locations 2 5
Survival (at the endo of study)

Alive 36 90

Died 4 4

¢TNM clinical staging, pTNM pathologic staging, ypTNM neoadyuvant pathologic staging classifications of tumor-node-metastasis system according to 2017 last

edition, AM anal margin

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 O 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
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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-gPCR of human Endoglin and
VEGF genes in colon cancer samples (@) 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,

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 O, patients with metastasis had slightly
higher values of sEng (Fig. 3a), with a p value in the limit
of significance (p = 0.0534). The VEGEF 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 12 months were included in
the same group.
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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 (@) 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 skng 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
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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
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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 (@) 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 ¢, 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=71(6),n=7(9+12) for skng 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
VEGEF levels remain higher than in less aggressive stages
(Fig. 4c).
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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 x 20 magnification, on the right side at x 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

40X

- 20X

Low/medium sEng levels < 5-7ng/mL >

Hight sEng levels > 7ng/mL

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 x 20 and x 40

20X

Low/medium sEng levels < 5-7ng/mL

Hight sEng levels > 7ng/mL
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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 50years 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
VEGE. 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
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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
VEGEF-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 wuseful 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 Lieberkithn’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
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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.
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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, | and Il) and more aggressive tumors (stage Il
and V). 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 skng and stages | and II; n=22 (0), n=19 (3+6), n=11
(9+12) for sEng and stages Il and IV; n=23 (0), n=9 (3+6), n=5 (9+12) for
VEGF and stages | and II; n=22 (0), n=21 (3+6), n=11 (9+12) for VEGF and
stages Il 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+ll) and
more aggressive tumours (Stage Il1+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 skng and stages | and Il; n=18 (0),
n=16 (3+6) for sEng and stages Ill and IV; n=7 (0), n=5 (3+6) for VEGF
and stages | and Il; n=18 (0), n=18 (3+6) for VEGF and stages Ill and IV.
*p<0.05; **p<0.01 with respect to time 0. sEng: soluble endoglin; VEGF:
Vascular Endothelial Growth Factor.
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