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Abstract Objective The present study evaluated the profile of endoglin (CD105) and vascular
endothelial growth factor (VEGF) based on staging and histopathological grading of
colorectal cancer as well as their relationship with bevacizumab therapy.

Methods A total of 88 cases of colorectal adenocarcinoma were included in the
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chemotherapy and those who did not. The CD105 level was higher in the subjects who
received chemotherapy (4.43 ng/ml); conversely, the level of VEGF was lower in
subjects who received chemotherapy (543.65 pg/ml). There was a statistically signifi-
cant difference in the levels of CD105 (p=0.003) and VEGF (p=0.002) between
subjects who received bevacizumab therapy and subjects who did not. The levels of
CD105 were higher in subjects who received bevacizumab therapy (5.11 ng/ml); in
contrast, the level of VEGF was higher in subjects who did not receive bevacizumab
therapy (645.92 pg/ml). There was a significant positive correlation between CD105
and VEGF in subjects who did not receive bevacizumab (p < 0.01).

Conclusion The results of this study support a hypothesis of “escape mechanism” in
the failure of anti-angiogenesis therapy (anti-VEGF).

Objetivo Este estudo avaliou o perfil da endoglina (CD105) e do fator de crescimento
endotelial vascular (FCEV) com base no estadiamento e graduacgdo histopatoldgica do
cancer colorretal, assim como sua relacdo com a terapia com bevacizumabe.

Métodos No total, 88 casos de adenocarcinoma colorretal foram incluidos no
presente estudo. Os niveis das proteinas FCEV e CD105 foram avaliados com ensaio

Resultados Houve uma diferenca significativa no nivel de CD105 (p=0,002) entre
individuos com metastases e sem metdstases, que indicou que o nivel de CD105 é mais
alto em individuos com metastases (4,59 ng/ml). Nao houve diferenca significativa no
nivel de FCEV com base na presenca de metéstases (p=0,625). Houve diferenca
significativa nos niveis de CD105 (p = 0,038) e de FCEV (p=0,010) entre os individuos
que receberam quimioterapia e os que ndo receberam. Encontrou-se um nivel de
CD105 mais alto nos individuos que submetidos a quimioterapia (4,43 ng/ml); Em
contrapartida, encontrou-se um nivel de FCEV mais baixo em individuos que subme-
tidos a quimioterapia (543,65 pg/ml). Houve uma diferenca estatisticamente signifi-
cativa nos niveis de CD105 (p=0,003) e de FCEV (p=0,002) entre os individuos
submetidos e ndo submetidos a terapia com bevacizumabe. Os niveis de CD105 foram
mais elevados em individuos submetidos a terapia com bevacizumab (5,11 ng/ml); em
contraste, observou-se um nivel de FCEV mais alto em individuos que ndo foram
submetidos a terapia com bevacizumabe (645,92 pg/ml). Houve uma correlacao
positiva significativa entre CD105 e FCEV em individuos que ndo receberam bevaci-

Conclusao Os resultados deste estudo corroboram a hipétese de “mecanismo de

highly dependent on angiogenesis tumors and it is also

Resumo
imunoenzimatico (ELISA, na sigla em inglés).
zumabe (p < 0,01).
escape” na falha da terapia anti-angiogénica (anti-FCEV).
Introduction

Colorectal adenocarcinoma is a malignancy caused by
uncontrolled cell growth of the mucosal epithelium of the
colorectum. The global burden of colorectal cancer is
expected to increase by 60%, or more than 2.2 million new
cases and 1.1 million deaths, by 2030."

The main cause of death of colorectal cancer is metastasis.
Angiogenesis is a process of formation of new blood vessels
from preexisting local blood vessels around the tumor
through a sprouting mechanism. Angiogenesis allows tumor
growth and metastasis because it ensures the availability of
nutrients and oxygen for tumor cells and surrounding tissues
It has been reported that tumor growth and metastasis is

reported that increased angiogenesis tumors are associated
with poor prognosis.2

Because its involvement in solid tumors is strongly associ-
ated with tumor progression, angiogenesis is an important
target in the therapy and prognosis of cancer. The guidelines of
the European Society for Medical Oncology (ESMO) and the
National Comprehensive Cancer Network (NCCN) for the
management of advanced colorectal cancer suggest several
chemotherapy regimens, such as FOLFOX, FOLFIRI, FOLFOXIRI,
and CapeOX, which can be combined with anti-angiogenesis
targeting therapy (anti-vascular endothelial growth factor
[VEGF]/Bevacizumab) as the first-line therapy for colorectal
cancer metastasis, except there is evidence of K-ras wild-type,
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so the targeting therapy is anti-epidermal growth factor
receptor (anti-EGFR).>*

The vascular endothelial growth factor is a key mediator
of angiogenesis and binds to two VEGF receptors (VEGF
receptor-1 and receptor-2), expressed on vascular endo-
thelial cells. The VEGF is a key mediator of angiogenesis in
cancer, in which there is increased regulation by increased
expression of oncogenes, growth factors, and hypoxia.
Anti-VEGF therapy has become an important choice for
the management of malignancies. For colorectal cancer
metastasis, bevacizumab (anti-VEGF) combined with che-
motherapy regimens has superior efficacy compared with
chemotherapy only. However, although progression-free
survival and overall survival were longer than 2 months,
compared with chemotherapy without bevacizumab,
colorectal cancer progression persisted in the majority of
patients, and many patients were reported to not respond
to bevacizumab therapy either as a single agent or in
combination with chemotherapy. It was reported that
the benefits of bevacizumab therapy were relatively short,
and the majority of patients became relapsed and progres-
sive. Not all patients benefit clinically from the treatment,
and the duration of the response in patients varies greatly.
Resistance to anti-angiogenesis therapy with VEGF targets
is thought to be due to the “escape mechanism” of tumor
cells and surrounding tissue from its dependence on
VEGE>®

Angiogenesis inhibition through non-VEGF pathways is
expected to be a strategy that can enhance antitumor activity
and resistance to anti-VEGF. One of the most widely studied
non-VEGF angiogenesis pathways currently targeted is endo-
glin (CD105) inhibition.”®

Endoglin is a cell adhesion molecule. It is the accessory
receptor of transforming growth factor-f (TGF-B), which is a
pleiotropic cytokine that modulates angiogenesis through reg-
ulation of cell function, including proliferation, differentiation,
and migration, and its expression increases in proliferating
active endothelial cells. Endoglin proteins are expressed on
endothelial surfaces that actively proliferate and modulate
angiogenesis through TGF-B signals, activin-like kinase-1
(ALK-1), and Smad proteins.”-8

Increased CD105 expression correlates inversely with the
clinical conditions of various malignancies, including colo-
rectal cancer. It was reported that elevated serum endoglin
was associated with increased metastasis in patients with
solid tumors.>'% Based on the results of many studies, CD105
can be a target, and anti-CD105 antibody can be a candidate
for anti-angiogenesis therapy of colorectal cancer and should
be considered when trying to overcome the existence of
tumor resistance to anti-angiogenesis therapy®. In recent
years, a multicenter study has begun to combine anti-CD105
(TCRC105) with bevacizumab (anti-VEGF). However, in our
review of the literature, we have not found any study that
evaluates and compares the levels of VEGF and CD105
proteins in non-metastasis and metastasis colorectal cancer
patients and their correlation with grading histology.”-1%!
In the present study, we evaluated the profile of proteins
CD105 and VEGF based on staging and histopathological
Vol. 41
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grading of colorectal cancer and evaluated their relationship
with bevacizumab therapy.

Materials and Methods

The present article consists of an observational study with a
cross-sectional approach. The study was conducted at the
Hasanuddin University Hospital Makassar, Indonesia, and its
network hospital, from January to December 2017. The
samples were obtained from colorectal cancer patients who
have performed the pathological examination of the surgical
resection and diagnosed as colorectal adenocarcinoma. The
levels of VEGF and CD105 were evaluated with enzyme-linked
immunosorbent assay (ELISA).

The measurement of VEGF and CD105 protein serum
patients was performed with ELISA. As much as 5ml of
venous blood was taken from each subject and left in the
tube at room temperature. Then, the serum was separated by
centrifugation and stored in a cooler at a temperature of -80°
Celsius until the analysis was performed. The analysis pro-
cedure was performed according to the instructions in the kit
(Bio-Rad Laboratories, Hercules, CA, USA). Finally, 0.1 ml of
1N H2S04 solution was added to each sample. The optical
density (absorbance) of each sample was interpreted using
an automatic ELISA reader (Anthos-Labtec Instruments, Salz-
burg, Austria) at a wavelength of 450 nm, with the reference
wavelength of 690 nm. The standard curve for the VEGF and
CD105 level is determined by taking the standard logarithm
value as Y-axis and absorbance value as X-axis. Each blood
specimen was measured for VEGF and CD105 concentration,
and the level in the specimen was determined from the
standard curve plot.

The Mann-Whitney and Kruskal-Wallis tests were used to
assess statistically the serum levels of CD105 and VEGF
according to metastasis, therapy with conventional chemo-
therapy, and therapy with bevacizumab. The Spearman
correlation test was used to assess the correlation between
CD105 and VEGF. The results were considered statistically
significant if p-value < 0.05.

The present study was run and finished with the approval
Recommendation of the Ethics Commission of Human Health
Research from the Medical Faculty Hasanuddin University.

Results

A total of 88 cases of colorectal adenocarcinoma were
included in this study. Based on the subject characteristics,
this study found 54.5% male, the highest age range was 60 to
77 years (39.8%) followed by 20 to 49 years (36.4%). The
most tumor location was in the rectum (31.8%) and most of
the subjects were in stage IV (48.9%), and 61.4% had
metastasized to the regional lymph nodes or distant metas-
tases. The most often histopathological grading which
found was moderately differentiated adenocarcinoma
(44.3%). Based on the therapy that had been obtained,
subjects who had received chemotherapy was 58%, of which
35.3% had already received combination therapy with bev-
acizumab (~Table 1).

© 2021. Sociedade Brasileira de Coloproctologia. All rights reserved.
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Table 1 Patients’ characteristics (n = 88)

Variable Category n %
Gender Male 48 54.5
Female 40 45.5
Age 20-49 years old 32 36.4
50-59 years old 21 23.9
60-77 years old 35 39.8
Tumor location Ascending colon 15 17.0
Transversal colon 3 34
Descending colon 16 18.2
Rectosigmoid 26 29.5
Rectum 28 31.8
Metastasis Yes 54 61.4
No 34 38.6
Staging | 19 21.6
Il 15 17.1
1} 11 12.5
v 43 48.9
Grading Well-differentiated 29 33.0
histology Moderate 39 | 443
Poor 16 18.2
Mucinous 4 4.5
Chemotherapy Yes 51 58
No 37 42
Chemotherapy + Yes 18 353
Bevacizumab No 33 647

Abbreviation: n, number.

Using the ELISA, we found the mean of CD105 and VEGF
protein serum levels were 4.25 ng/ml and 610.21 ng/l
respectively (=Table 2).

There was a significant positive correlation (p <0.05)
between CD105 and VEGEF levels in subjects with colorectal
adenocarcinoma, where the higher level of protein CD105
the higher level of VEGF (~Fig. 1).

Analysis of CD105 and VEGF protein serum levels based on
the presence of metastases found a significant difference in
mean of CD105 levels (p =0.002). In contrast, there was no
significant difference in mean of VEGF levels based on the
presence of metastases (p =0.625), although it was seen that

Table 2 Serum level of proteins CD105 and VEGF (n=88)

Variable Minimum Maximum Mean SD
CD105 1.69 7.55 4.25 1.37
(ng/ml)

VEGF 20.21 2,758.89 610.21 583.20
(pg/ml)

Abbreviations: CD105, endoglin; VEGF, vascular endothelial growth
factor; SD, standard deviation.
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VEGEF levels tended to be higher in colorectal cancer metas-
tases (=Table 3).

This study found differed significantly (p = 0.038) between
subjects who received chemotherapy and those who did not
receive chemotherapy, where CD105 levels were significantly
higher in subjects who received chemotherapy (4.43 ng/ml).
Similarly, the VEGF levels were significant differences in the
mean of VEGF levels between subjects who received chemo-
therapy and those who did not receive chemotherapy
(p=0.010), but different from CD105 levels, VEGF levels
were lower in subjects who received chemotherapy (543.65
pg/ml) (=Table 4).

Analysis of CD105 and VEGF protein serum levels based
on bevacizumab additional therapy to subjects receiving
chemotherapy found significant differences (p =0.003) on
mean of CD105 levels among subjects receiving bevacizumab
therapy and without bevacizumab, where CD105 levels were
higher in subjects who received bevacizumab (5.11 ng/ml).
In contrast to CD105, although there were also significant
differences (p=0.002) between subjects who received
bevacizumab therapy and without bevacizumab, VEGF levels
were significantly higher in subjects who did not receive
bevacizumab (645.92 pg/ml) (~Table 5).

Analysis of CD105 and VEGF protein levels based on
histopathological grading found a significant difference of
CD105 levels (p <0.009), where CD105 levels were signifi-
cantly higher in poorly differentiation (5.17 ng/ml). Similarly,
the VEGF levels have significant differences (p <0.025),
where VEGF levels were significantly higher in poorly differ-
entiation (909.47 pg/ml) (~Table 6).

We evaluated the correlation between CD105 and VEGF
protein serum levels in subjects who received chemotherapy
with bevacizumab and subjects without bevacizumab
(=Fig. 2a). There was a significant positive correlation
between CD105 and VEGF levels in subjects who did not
receive bevacizumab (p <0.01) (=Fig. 2). Conversely, no
significant correlation was found between CD105 and
VEGF levels in subjects who received bevacizumab
(p>0.05) (=~Fig. 2b).

Discussion

The mechanisms of growth and metastasis of colorectal
adenocarcinoma is facilitated by angiogenesis.'? The present
study found that the serum level of VEGF in colorectal cancer
patients was 610.21 pg/ml, not much different from the one
found in the study by Nakamura (2013), who reported a
VEGF serum level of 601.8 pg/ml.'3 Li et al., (2003) reported
that the plasma level of CD105 from 76 colorectal cancer
patients was 3.46 + 1.30 ng/ml. Our study found the CD105
level was 4.25 + 1.37.'4 The present study found a significant
positive correlation (p <0.05) between CD105 and VEGF
levels.

It was reported that increased serum CD105 levels are
associated with increased metastasis in patients with solid
tumors, including colorectal cancer. In the present study, the
serum level of CD105 protein were significantly higher in
colorectal adenocarcinoma patients with metastases than in

© 2021. Sociedade Brasileira de Coloproctologia. All rights reserved.

159



160 Profiles of Endoglin and Vascular Endothelial Growth Factor Based on Staging and Histological

Minhajat et al.

3000,00-
R=0,226 (p<0,05)
e
2500,00— ®
e L]
a
2000,00-
°
®
w 1500,00 =
e o
= e
1000,00— e o ] [ ] L
o o o W Sob o amm
l"‘“.,.-u
L y=220E2+89 65| @ [+ o
500,00 a
OB e S -
Ll .‘ o e ® L ]
P } o < '. 2. ®
oo ® % o .
00— o ®e ® ®
T T T
200 4,00 6,00 8,00
CcD105

Fig. 1 Correlation between CD105 and VEGF protein serum level in patients with colorectal adenocarcinoma.

those without metastases (p =0.002). Takahashi (2001) also
reported a significant increase in serum CD105 protein levels
associated with metastasis in patients with solid tumors,
including colorectal cancer, wherein a significant difference
was found between the levels of serum CD105 in metastatic
colorectal cancer patients with and without metastasis
(p:0.012).9 Li (2003) reported that the level of CD105 was
positively associated with colorectal cancer based on the Dukes’
classification, staging, and patient’s survival.'* The results of our
previous study also proved that CD105 protein was specifically
expressed in vascular endothelial cells in colorectal cancer
xenograft models, and anti-CD105 antibodies have been shown
to inhibit tumor growth and hematogenous metastasis through
vascular system inhibition.'”

Table 3 Analysis of the serum level of proteins CD105 and
VEGF based on metastasis

Variable | Metastasis | n | Mean | SD p-value
CD105 Yes 54| 4.59 1.35 0.002*
(ng/ml) "No 34371 | 1.24

VEGF Yes 54 | 650.27 | 635.58 | 0.625"
(pa/mh) I"No 34 | 546.58 | 491.01

However, in contrast to CD105, it appears that the
serum level of VEGF is higher in colorectal cancer with
metastases than those without metastases. In the present
study, there was no significant difference in the serum level
of VEGF based on the presence of metastases (p=0.625).
This result might be influenced by the fact that 35.3% of the
subjects in this study had received anti-angiogenesis
(anti-VEGF/bevacizumab) therapy. Another factor that
might have influenced this result was VEGF and its recep-
tors, which proved to play an important role to promote
angiogenesis, not only in pathological conditions, but also
in physiological angiogenesis.

Based on histopathological grading, the present study
found a statistically significant difference in the levels of
CD105(p < 0.009), in which CD105 levels were significantly

Table 4 Analysis of the serum level of proteins CD105 and
VEGF based on chemotherapy (N =88)

Variable | Chemotherapy | n Mean SD p-value
CD105 | Yes 51| 4.43 1.42 | 0.038°
(ng/mh) I"Ng 37 | 4.00 1.25

VEGF Yes 51 | 543.65 | 400.58 | 0.010
(pa/imh) I"No 37 | 701.94 | 441.17

Abbreviations: CD105, endoglin; VEGF, vascular endothelial growth
factor; n, number; SD, standard deviation.
*Mann-Whitney test.

] Coloproctol  Vol. 41 No. 2/2021

Abbreviations: CD105, endoglin; VEGF, vascular endothelial growth
factor; n, number; SD, standard deviation.
*Kruskal-Wallis test.
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Table 5 Analysis of the serum level of proteins CD105 dan

VEGF based on bevacizumab additional therapy

Variable | Bevacizumab | n | Mean | SD p-value
CD105 | Yes 18] 5.11 130 | 0.003"
(ng/ml) "N 33(4.06 |1.38

VEGF Yes 18 | 356.16 | 589.19 | 0.002"
(Pa/ml) "N 33 | 645.92 | 565.91

Abbreviations: CD105, endoglin; VEGF, vascular endothelial growth
factor; n, number; SD, standard deviation.
“Mann-Whitney test.

higher in poorly differentiated tissues (5.17 ng/ml). Similarly,
the VEGF levels have significant differences (p <0.025), in
which VEGF levels were significantly higher in poor differ-
entiated tissues (909.47 pg/ml). Our previous study, using
immunohistochemical methods, had proven that the highest
CD105 protein expression was found in poorly differentiated
colorectal cancer tissue.'® In the present study, there were

Minhajat et al.

only four subjects with mucinous histopathology, which
were included in the poorly differentiated tissue group.

There was a statistically significant difference in the
levels of both CD105 (p=0.038) and VEGF (p=0.010)
between subjects receiving chemotherapy and those who
did not, but differently from CD105, which was higher
in subjects who received chemotherapy (4.43 ng/ml),
VEGF levels were found to be lower in subjects receiving
chemotherapy (543.65 pg/ml).

Azzariti (2016) reported that there was a significant
decrease in the level of VEGF (p < 0.05) in a study comparing
the levels of VEGF after administration of two and five cycles
of oxaliplatin-based chemotherapy without bevacizumab.”

Aoyagi (2010) reported the decrease levels of VEGF protein
in 46 patients with advanced stage colorectal cancer who
received FOLFOX regimen with bevacizumab combination; the
mean level was 156.4+71.5 pg/ml.18 In the present study,
analysis of the serum levels of CD105 and VEGF based on
bevacizumab additional therapy to subjects receiving chemo-
therapy found significant differences (p = 0.003) in the level of

Table 6 Analysis of the serum level of proteins CD105 and VEGF based on histological grading

Variable Histological grading n Mean SD p-value
CD105 (ng/ml) Well-differentiated Differentiation 29 3.95 1.40 0.009"
Moderate Differentiation 39 4.16 1.37
Poor Differentiation 16 5.17 0.92
Mucinous 4 3.59 1.47
VEGF (pg/ml) Well-differentiated Differentiation 29 511.77 513.84 0.025”
Moderate Differentiation 39 565.95 636.46
Poor Differentiation 16 909.47 567.85
Mucinous 4 558.31 235.74

Abbreviations: CD105, endoglin; VEGF, vascular endothelial growth factor; n, number; SD, standard deviation.

*Kruskal-Wallis test.
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CD105 among subjects who received bevacizumab and those
who didn’t, in which CD105 level was higher in subjects
receiving bevacizumab (5.11 ng/ml). In contrast to CD105,
although there were also significant differences (p =0.002)
between subjects received bevacizumab and those who did
not, VEGF levels were significantly higher in subjects who did
not receive bevacizumab (645.92 pg/ml) (=Table 5). The
reverse pattern of CD105 and VEGF protein levels, in which
CD105 protein levels are higher and VEGF protein levels are
lower in subjects who have received bevacizumab can
support a theory of an “escape mechanism” in the failure of
anti-angiogenesis therapy (anti-VEGF).”

Furthermore, we found a significant positive correlation
between VEGF and CD105 levels in subjects who did not
receive bevacizumab (p < 0.01), in which the higher the level
of VEGF, the higher level of CD105. Conversely, there was no
significant correlation between CD105 and VEGF protein
levels in subjects receiving bevacizumab (p > 0.05).

Conclusion

There is a positive correlation between increased CD105 and
VEGF levels and colorectal cancer, but in subjects receiving
bevacizumab, serum VEGF protein levels are lower, whereas
serum CD105 protein is higher. The results of the present
study support the hypothesis of “escape mechanism” in the
failure of anti-angiogenesis therapy (anti-VEGF).
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