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Abstract

Background: Angiogenesis plays an important role in carcinogenesis. Angiogenesis is studied by
calculating the microvessel density. The purpose of this study is to determine whether angiogenesis can
be documented in colorectal tumor progression and to assess whether the quantification of microvessels

can be correlated to tumor aggressiveness.

Methods: This is a hospital based descriptive cross-sectional study, done from August 2015 to July 2016
after obtaining ethical approval from Institutional Review Committee. We quantified microvessel
density in colorectal carcinoma. An immunohistochemical study was performed using mouse
monoclonal antibody against CD34, which was used for localizing endothelial cell lined blood vessels &
cluster of endothelial cells without lumen formation. Counting was done in 10 consecutive high power

fields (40x). The data were analyzed after the counting was done.

Results: We compared microvessel density with age, gender, tumor size, histologic differentiation,
tumoral invasion, lymph node metastasis and tumor stage. No significant correlation was found between

microvessel density and the aforementioned parameters (p>0.05).

Conclusions: The correlation between microvessel density and tumor progression was non-significant.
Hence we conclude that there is a need to undertake studies involving larger samples, and also
assessment of the other factors associated with angiogenesis should be done to have a better information

on prognostic values
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Introduction been increasing in Asians population.! The cause

and pathogenesis of colorectal carcinoma are

Col tal CRC) has 1 b
olorectal cancer ( ) has long been related to both environmental and genetic factors.

considered a western disease. There has been

clear evidence that CRC incidence rates have
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Angiogenesis is an important hallmark in the
development of tumor. A monoclonal antibody
against CD34 has been most frequently employed
in immunohistochemical evaluation of
endothelial cells.3 CD34 is an antigen composed
of glycoprotein, which is present in
hematopoietic progenitor cells and endothelial
cells and has been studied as a marker for

vascular tumors.4

Microvessel quantification in primary colorectal
carcinoma helps to predict tumoral invasion,
metastasis and histologic differentiations.5 This
study aims to determine whether angiogenesis
can be documented in colorectal tumor
progression and to assess whether the
quantitation of microvessels can be correlated to
tumor aggressiveness and to study the association
between angiogenesis with nodal metastasis and

staging of CRC.
Methods

This is a descriptive cross sectional hospital
based study carried out in the Department of
Pathology, B.P. Koirala Institute of Health
Sciences, Nepal from August 2015 to July 2016.
Non probability purposive sampling technique
was used. Patients diagnosed with colorectal
carcinoma and who had undergone surgery were
recruited from department of Surgery. Thirty two
samples of large colorectal resection specimens
were taken. Consent for the study was taken from
the Institutional Ethical Board, B.P. Koirala
Institute of Health Sciences before the

commencement of the study.

The gross sampling technique for colorectal
specimen was performed and sectioned (Figure
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1). After sectioning tissues were processed in
standard manner for histological examination.
The tissue section of 4-6 mm thick were cut and
stained by Hematoxylin and Eosin (Figure 2).
After thoroughly seeing the Hematoxylin and
Eosin stained slides of the specimen, the
diagnosis were made and the tumor slides were
separated for staining with CD34. An
immunohistochemistry technique using
monoclonal antibody against CD 34 for
visualizing the microvessels and calculating the
microvessel density was performed (Figure 3 and
4).

Determination of microvessel density:
Microvessel density were assessed in tumor areas
showing the highest density of staining, as
determined by an initial scan with high
magnification (x40) then the average counts were
recorded. Any brown staining endothelial cell or
endothelial cell cluster, clearly separated from
adjacent microvessels, were regarded as a single,
countable microvessel. A vessel lumen were
required for identification of a microvessel. The
areas of the highest density of staining were
predominantly at the invading edge of the tumor
mass. A light microscope (Nikon Eclipse E600)

was used for microscopic examination.

The microvessel count were divided into two
groups: Hypervascular (> 14 microvessel/field)
Hypovascular (< 14 microvessel/field).5
Microvessel density was correlated with age,
gender, tumor size, histological differentiation,
tumoral invasion, lymph node metastasis and

tumor staging.

Results
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Microvessel count was further subdivided into
hypovascular and hypervascular with maximum
number of cases falling under hypervascular
category i.e. 90.6% (Table 1).

Table 1: Microvessel count

Microvessel count No of cases %
Hypovascular 3 9.4
Hypervascular 29 90.6
Total 32 100.0

No significant association was observed between
microvessel count and age, gender, tumor size,
histologic differentiation, tumor invasion, lymph
node metastasis and tumor stage. When lymph
node metastasis was taken into account no

significant difference in the value of microvessel
count and lymph node metastasis has been found
[p=0.253]. Although all the cases with lymph
node metastasis were under hypervascular group
(100.0%) (Table 2).

Discussion

Colorectal carcinoma remains a major cause of
morbidity in the form of recurrence and
mortality. Angiogenesis is the process by which
new vessels are formed from preexisting
capillaries or post capillary venules and is known
to be one of the fundamental phenomenon
necessary for solid tumors to grow, expand and

metastasize.6

Table 2: Microvessel count and histopathological

variables

Histopathological | Groups P

-
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Variables value
Hypova | Hyperva
scular scular
Age <40 1(16.7) | 5(83.3)
groups in 0.656
years 41 -60 1(7.7) | 12(92.3)
>60 1(7.7) | 12(92.3)
Gender Male 1(4.5) | 21(95.5)
0.224
Female 2 (20.0) | 8(80.0)
Tumor <500 1(11.1) | 21 (88.9)
size 0.125
(millimete | =500 2(8.6) | 8(91.4)
1)
Well 3(23.1) | 10(76.9)
differentiate
Histologic |d
differentiat 0.089
ion Moderately 0(0) 17
differentiate (100.0)
d
Poorly 0(0) |2(100.0)
differentiate
d
Tumoral Muscularis | 1(25.0) | 3 (75.0)
invasion propria
0.276
Subserosa 0(0) 12
(100.0)
Serosa 2(12.5) | 14 (87.5)
Lymphnod | Absent 3(15.8) | 16 (84.2)
e 0.253
metastasis | Present 0(0) 13
(100.0)
I 1(20.0) | 4(80.0)
Tumor A 2(14.3) | 12(85.7) | 06
stage 1IC 00) | 1(100.0)
1A 0(0) 1(100.0)
1B 0(0) 11(100.0
)
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Figure 1: Colorectal carcinoma (Gross)

There is a prognostic importance of angiogenesis
in colorectal carcinoma. There are a lot of reports
showing that the higher microvessel density is
associated with the development of metastasis
and poor prognosis in colorectal cancer patients.
We have undertaken this study to correlate the
quantitation of microvessels to tumor
aggressiveness with presence of lymph node
metastasis, distant metastasis and higher tumor
stage.
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Figure 2: Colorectal carcinoma showing tumor cells
in glandular pattern (H&E; 40x)

The age range in this study was from 27 to 82
years. The maximum number of patient were
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found to be in the age group 41 to 60 years and
more than 60 years. In the study done by Choi et
al., Nobuhiko et al. and Nakasaki et al., the
maximum number of cases were seen in more
than 50 years of age. Maximum number of
patients were male as compared to female which
is comparable to the study done by Choi et al.,
Nobuhiko et al. and Claudio et al. with male
preponderance. Association of age and sex with
MVD was not found in this study. This was in
accordance to other studies done, where they also
did not find any significant association between

microvessel density with age and sex. 579

Other studies have demonstrated that moderately
and poorly differentiated tumors present with
higher malignant potential, through the higher
incidence of lymphatic, venous invasion and
lymph node and hepatic metastasis.5810 The data
in the present study show a non-significant
statistical difference in higher microvessel
density of moderately and poorly differentiated
tumors. This finding was in accordance to the
study done by Tarta et al which also showed a
non -significant difference with higher
microvessel density in moderately and poorly
differentiated tumors.5

The deeper tumor invasion significantly increase
the rate of high microvessel count. Microvessel
density is increased significantly in areas with
tumoral invasion compared with adjacent non-
neoplastic areas and proportionally to the
progression of clinical stage. Further evaluation
for angiogenesis in rectal carcinomas are done
which showed correlation between microvessel
density, with the depth of invasion within the

bowel wall and shorter survival.5-8.9.11 In our



Original Article

study, no significant association is found between
microvessel density and depth of invasion which

is in accordance to the study done by Choi et al. 7

It had been reported previously that angiogenesis
plays an important role in metastasis and that
MVD correlates significantly with lymph node
metastasis of submucosal colorectal carcinoma.
Lymph node metastasis in colorectal cancer is
significantly high in cases with high MVD using
CD34.12In this study, the lymph node invasion is
seen higher in hypervascular group than in
hypovascular. However significant correlation is
not seen between microvessel density and lymph
node metastasis which is concordant to the study
done by Saclarides et al. In other studies,
lymphatic vessel invasion is significantly higher
in the hypervascular tumors. A strong statistical
correlation between angiogenesis and lymph
node metastasis, lymphatic and vascular invasion

are seen 1n several studies.’.8.11,13

The microvessel density as calculated from CD34
increases with the stage and grade.!4 A significant
correlation between the microvessel density and
clinical stage is observed. MVD is significantly
higher in more advanced tumor stages and may
be used as a determinant of survival in patients
with rectal cancers.”-10 There is a significant
correlation of MVD with Dukes’ stage and lymph
node involvement.”.10.15  However, in our study
significant correlation was not observed between

the microvessel density and clinical stage.

There is a significant increase in vascularity
during the transition from normal tissue through
the dysplastic state to early cancer in the study
conducted by shieh et al. In our study, however a
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statistically significant correlation could not be
established.1¢

Figure 3. Colorectal carcinoma showing hypovascular
area (Immunostaining, DAB chromogen-CD34
monoclonal antibody; 40x)

Some of the studies evaluated not only the
number of new vessels, but also their diameter,
observing that vessels with a lower cross-
sectional area are found primarily in non-
metastasizing lesions while those with a higher
cross sectional area appears to be mostly
localized in cases with nodal metastases which
suggested that MVD is a useful marker to
identify those patients with a more aggressive
tumour, for whom a more therapeutic approach
should be taken into consideration. Metastasis are
related to overall tumoral vascular surface area :
an increased vascular surface area would
constitute an easier target for tumor cells in the
process of escaping from the original site and

entering the circulation.!3.17

The onset of angiogenesis in colorectal
tumorigenesis and the prognostic significance of
microvessel quantitation were assessed. The
neovascularization is invariably present in
colorectal adenocarcinomas, irrespective of the

different pathological disease stages.



Original Article

Figure 4. Colorectal carcinoma shows hypervascular
area with endothelial cell lined capillaries around
epithelial tumor islands (Immunostaining, DAB
chromogen-CD34 monoclonal antibody; 40x)

Angiogenesis is stimulated early in colorectal
tumorigenesis and reaches a maximum level in
adenocarcinomas.!® The vessel density was
observed to be significantly higher in the parts of
the tumors lacking basement membrane
compared with normal mucosa and submucosa.
The vessel density is a stable parameter
throughout the entire colorectal tumor and might
point to a biologic characteristic of a tumors well
as a prognostic factor. The vessel density in
normal mucosa was shown to exceed density in
tumor tissue by a factor of 2.3 and 1.6
respectively. This probably reflects difference in

counting methodology.19.20

In the study done by Hiroshi et al. demonstrated
that MVD was almost equivalent between normal
epithelium and hyperplastic polyp/ adenoma with
low dysplasia; however, the transition from
adenomas with low to high dysplasia and from
adenoma with high dysplasia to carcinoma was
not found in this study. This study showed no

significant association of MVD and carcinoma
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correlation in colorectal tumor progression and
tumor aggressiveness.2! The variability in results
could be due to different antibodies used to
define endothelium and the different
methodologies used in the assessment of
parameters. Differences between
immunohistochemical protocols; for instance
selection of the paraffin block, level of sections
within the tissue block (superficial or deep), and
the issue of hot spot selection may have also
contributed to variation in the results. The lack of
reproducibility of measurements due to
inadequate standardization and different
methodology used also adds to it. Additionally
quantifying the MVD involves selecting the most
angiogenic areas, and this may not always be

representative of the tumor.

A meta-analysis done reflecting angiogenesis, to
relapse free and overall survival in colorectal
cancer has suggested that high MVD
significantly predicted poor relapse free and
overall survival. The tumor vascularization is
associated with the overall survival as well as the
mode of metastasis of gastric carcinomas. The
determination of tumor vascularization is not
only useful as a prognostic marker but may also
have the added potential of evaluating responses
to anti-angiogenesis drugs.$:22 A gradual
increment of tumor angiogenesis during
progression with an increase during transition
from low dysplasia to high dysplasia and
carcinomas as reflected by the significant rising
of MVD and aberrant morphological changes of
vessels as well are observed. One of the
significant aspect of the study done by Aotake et

al., was suggesting that the initiation of tumor
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angiogenesis plays an additional role in inhibiting

apoptosis.23

In our study, significant association between
microvessel density with age, sex, tumor size,
histological differentiation, tumor depth, lymph
node metastasis and tumor stage were not found.
Similarly, significant association between
microvessel count with age, sex, tumor size and
histological differentiation was not found in the
study done by Tarta et al. but it was observed that
deeper tumor invasion significantly increase the
rate of high microvessel count.5.24 This
discrepancies in the clinicopathologic
significance of MVD can be caused by
methodologic differences between studies using
different antibodies (factor VIII, CD31 or CD34).
In addition, some authors have chosen patients
with tumors in all Dukes’ stages; some tumor-
node-metastasis(TNM) and others have only
studied certain stages. In addition, the limited
number of cases and the subjectivity in the
selection of areas with high vessel count (hot

spots) should be accounted.?’
Conclusion

In contrast to other studies, the present study has
shown no significant association between
angiogenesis and aggressiveness of colorectal
tumor. One reason to put forward for the non-
significant result could be the small size of
sample used for our study. We studied
microvessel density in 32 cases of colorectal
carcinoma. A larger sample size could provide
more information regarding the same.Hence, the
current study has led us to conclude that further
studies need to be undertaken which includes
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more sample size and the other factors like
vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF), tumor necrosis
factor-alpha (TNF- a), transforming growth
factor-beta (TGF- B), and the angiopoietins (Ang)
involved in angiogenesis to determine their exact
role. This would in turn help in the development
of anti-cancer therapies utilizing angiogenesis as

a target for the drugs.
Recommendation

Angiogenesis plays a crucial role in assessment
of the severity of the disease. Therefore, other
factors (like vascular endothelial growth factor,
fibroblast growth factor, tumor necrosis factor-
alpha, transforming growth factor-beta, and the
angiopoietins) involved in angiogenesis should
also be analyzed. More studies should be
conducted for further determination of role of

angiogenesis in colorectal carcinoma.
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