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Abstract
Introduction: Colorectal cancer is the most common cancer of gastrointestinal tract. It is ranked fourth in causing cancer related deaths.
Compared to western world, the incidence rates are low in India. The pathogenesis involved here is tumor induced angiogenesis which is
the most important factor for tumor growth, invasion and metastasis. Vascular endothelial growth factor (VEGF) is known to play a major
role in angiogenesis.
Aim: Is to study the expression of VEGF in colorectal malignancies and correlate the expression with histomorphological findings.
Materials and Methods: Tissue samples from 30 patients with colorectal cancer of various stages, who had undergone resection during
May 2016- February 2018, were taken for the study. Out of 30 cases, 27 were of Adenocarcinoma, 2 were Neuroendocrine tumors and 1
was Rectal Gastrointestinal stromal tumor. Scoring system was applied to assess the VEGF expression.
Results: Patients with stage 1, well differentiated and grade 1 tumors had predominantly score 2 of VEGF expression; patients with stage
2, grade 2 and moderately differentiated tumors with mucinous component had predominantly score 3 of VEGF expression and patients
with stage 3, grade 3 and poorly differentiated tumors had predominantly score 4 of VEGF expression. Thus VEGF expression was
positively correlated with tumor grade, and TNM stage (p<0.05).
Conclusion: Quantification of VEGF expression in colorectal cancers may give a reliable prognostic information, which could further help
in selecting patients of high risk of disease progression for adjuvant therapy.
Keywords: Colorectal cancer, Angiogenesis, VEGF expression.

Introduction
Colorectal cancer (CRC) is the most common cancer of
gastrointestinal tract. It is ranked fourth in causing cancer
related deaths. Compared to western world, the incidence
rates are low in India.1 CRC incidence is generally higher in
men; and the risk increases with age as the majority of cases
are diagnosed in patients older than 50 years.2 Furthermore,
many other factors have been known to contribute
significantly in the increased incidence of CRC. These
factors include geographical variation, family history, diet,
chronic inflammatory disease and polyposis syndrome.3-7
Vascular network is crucial for tumors to grow as well
as for their metastasis. The cancer cells, without blood
circulation, can grow only up to 1-2mm but not beyond.
Hence tumors prompt the growth of host blood vessels, a
process called angiogenesis, which is necessary for adequate
supply of oxygen and nutrients to the cancer cells. Therefore
angiogenesis is the basic pathogenic step for the progression
of cancer.8
Angiogenesis is controlled by production of several
growth factors and growth inhibitors.9 In this respect several
growth factors have been recognized as angiogenesis
activators including vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (bFGF),
transforming growth factor alpha (TGF-α), transforming
growth factor beta (TGF-β), epidermal growth factor (EGF)
etc. The VEGF family of receptors are known to play a
major role in tumor vascularization. VEGF is a potent

angiogenic agent in cancer tissues as well as normal
tissues.10
VEGF belongs to the platelet derived growth factor
(PDGF) family.11 There are six types of VEGF: VEGF-A, B,
C, D, E and F. The action of VEGF protein is mainly on the
vascular endothelial cells.12-14
Enhanced expression of VEGF has been found in
several tumors including colorectal cancers and it may be
linked to an advanced stage of the disease or may predict a
potential metastatic risk.
Several studies done on VEGF expression in CRC have
revealed that VEGF expression correlates with stage of
disease and histological grade of tumor. Thus an attempt
was made to study the expression of VEGF in colorectal
cancer patients and correlate its expression with
histopathological findings, which could be helpful to use
VEGF as prognostic indicator and also could be helpful to
select the patients who may benefit from adjuvant treatment
including new therapeutic strategies in the future.
Materials and Methods
The specimens of tumors from the patients who had
undergone resection for CRC, were collected from the
department of pathology, Mysore Medical College and
Research Institute, during the year May 2016- February
2018. All types of colorectal malignancies were included in
the study. Biopsy specimens and cases where there is
extensive tumor necrosis without viable tumor cells for
accurate evaluation of the immunohistochemistry were
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excluded from the study. The detailed clinical history
including the age, gender and results of relevant
investigation done was collected from the patient’s case
records. In every case the standard protocol for surgical
grossing of resected specimens was followed. After
conventional processing, paraffin sections of 5µm thickness
were stained by Haematoxylin and Eosin for
histopathological study. In addition, 4µm sections were cut
from the paraffin block of tumor tissue and was taken on the
glass slide coated with Poly-L-Lysine (PLL) for
immunohistochemistry to detect VEGF expression.
The tumours were classified as per the prescribed WHO
classification. The typology followed based on histological
findings was classical, signet ring and mucinous variants.
The grading of classical type tumors (well, moderately and
poorly differentiated) was also determined.
Immunohistochemical Staining
Sections of 4µm thickness were made and taken on
poly-L-Lysine (PLL) coated slides. Immunohistochemistry
for VEGF expression was performed on tissue sections
using VEGF rabbit polyclonal antibody that recognizes
cytoplasmic VEGF in paraffin embedded tissue.
Heat antigen retrieval was done by using pressure
cooker for VEGF rabbit polyclonal antibody and standard
immunohistochemistry procedure was conducted as per the
manufacturer’s (Biogenex) manual of instructions. Placenta
was used as positive tissue control.
Evaluation of VEGF expression
The criterion for a positive immune reaction was a dark
brown cytoplasmic precipitate. The intensity of the staining
was assessed quantitatively by counting the percentage of
positively stained cells out of 100 malignant cells at 40 total
magnification for atleast 20 fields and qualitatively as dense
and faint staining.
A four scaled scoring system was chosen in this study.16
Score0 = Negative, None of the cells stained positive of
tumor cells.

Table 1: VEGF expression in relation to histological types
S. No.
Histological type of
CRC
Score 0 Score 1
1.
Well differentiated
2
adenocarcinoma
2.
Well differentiated
adenocarcinoma with
mucinous component
3.
Moderately differentiated
adenocarcinoma
4.
Moderately differentiated
adenocarcinoma with
mucinous component
5.
Poorly differentiated
adenocarcinoma tumors
6.
Signetring cell
-

Score 1 = Weak or mild staining, 5%-10% of tumor cells
stained positive.
Score 2 =Moderate staining, 10-25% of tumor cells stained
positive.
Score 3= Strong staining, 25-50% of tumor cells stained
positive.
Score 4 = Highly strong staining, i.e more than 50% of
tumor cells stained positive.
Statistical Analysis
The data was collected, statistically evaluated and
represented in terms of frequency distribution tables. The
categorical and counting variables were presented by
frequencies and percentages. The proportion of subjects
revealing the expression according to the various subgroups
such as age, gender, type of cancer, grade and stage was
estimated. The differences in frequency of expression
between various subgroups were tested for statistical
significance by employing chi Square /Fischer test. P score
of ≤ 0.05 was considered statistically significant.
Results
Tissue samples from 30 patients with colorectal cancer
of various stages, who had undergone resection during May
2016- February 2018, were taken for the study. Out of 30
cases, 27 were of Adenocarcinoma, 2 were neuroendocrine
tumor and 1 was Rectal Gastrointestinal stromal tumor.
Scoring system was applied to assess the VEGF expression.
VEGF expression was positively demonstrated in all 30
cases but the degree of expression varied from case to case.
It was more intense (score 4) in poorly differentiated, grade
3 and Stage III tumors than in other subtypes.
Strong positive statistical correlation was found
between VEGF expression and grade and stage of the
colorectal tumors (p<0.05) (Table 2 & 3). On the other
hand, VEGF expression showed no statistical correlation
with age and sex of the patient (p>0.05) (Table 4 &5).
Histological type and site of the tumors also showed no
statistical correlation with VEGF expression (p>0.05)
(Table 1 & 6).
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adenocarcinoma
Neuroendocrine tumor
Rectal Gastrointestinal
stromal Tumor
P : 0.322 (P>0.05)

7.
8.

-

-

1
1

1
-

-

2
1

6.6
3.3

Table 2: VEGF expression in relation to grade of the tumor
S. No.

Grade

1.
Grade 1
2
Grade 2
3
Grade 3
P : 0.001 (P<0.05)

Score 0
-

Score 1
2
-

VEGF Score
Score 3
Score 4
1
10
1
4

Score 2
11
1
-

Total-30
14
12
4

%
46.6
40.0
13.3

Table 3: VEGF expression in relation to stage of the tumor
S. No.

TNM Stage

1.
Stage 1
2
Stage 2
3
Stage 3
P : 0.01 (P<0.05)

Score 0
-

Score 1
2
-

Score 2
8
4
-

VEGF Score
Score 3
3
7
1

Score 4
2
3

Total-30
13
13
4

%
43.3
43.3
13.3

Table 4: VEGF expression in relation to age distribution
S. No.

Age

1.
<40yrs
2.
41-50yrs
3.
51-60yrs
4.
61-70yrs
5.
71-80yrs
P : 0.572 (P>0.05 )

Score 0
-

Score 1
1
1
-

Score 2
4
4
4
-

VEGF Score
Score 3
Score 4
1
5
1
2
1
2
1
1
2

Table 5: VEGF expression in relation to gender of the patient
S. No. Gender
VEGF Score
Score 0
Score 1
Score 2
Score 3
Score 4
1.
Female
1
5
6
2
2.
Male
1
7
5
3
P : 0.920 (P>0.05 )
Table 6: VEGF expression in relation to site of the tumor
S. No.
Site
VEGF Score
Score 0 Score 1
Score 2
Score 3 Score 4
1.
Transverse colon
1
2.
Sigmoid /
3
2
Rectosigmoid
3.
Ascending colon
2
2
4.
Anus
1
5.
Rectum
2
5
8
2
6.
Caecum
1
1
P : 0.438 (p>0.05)
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Fig. 1: Photomicrograph of IHC staining of VEGF expression; A): Score 1 of VEGF expression in well differentiated
adenocarcinoma; B): Score 2 of VEGF expression in well differentiated adenocarcinoma; C): Score 3 of VEGF
expression in moderately differentiated adenocarcinoma; D): Score 4 of VEGF expression in poorly differentiated
adenocarcinoma

Fig. 2: Photomicrograph of IHC staining of VEGF expression. A): Score 2 of VEGF expression in Rectal
Gastrointestinal Stromal tumor; B): Score 3 of VEGF expression in neuroendocrine tumor of caecum
Discussion
The important findings of the present study are
discussed in the succeeding paragraphs.
VEGF expression was significantly demonstrated in
poorly differentiated, grade 3 and advanced stage tumors
and it implied poor prognosis in patients with CRC. This
prospective study was conducted to assess VEGF
immunohistochemical reactivity in colorectal malignancies
and to analyze the relation between its expression and
pathological characteristics and prognosis.

Basically, there were 30 cases in the present study out
of which were 16 male and 14 female patients. The age
distribution of the patients included in the study ranged
from 35 to 80years with an average age of 55 years. Similar
age range was seen in Patil et al study, who reported
average age of CRC patients in India as 47±5 years.17 In the
present study of 30 patients, only one patient was aged
below 40 years; 16 patients were aged between 40-60years
and 13 were between 60-80years. Thus CRC is the disease
of old age. The incidence of this disease in young age is
associated, with hereditary syndromes like Peutz-Jegher’s,
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hereditary non polyposis colorectal cancer or Familial
adenomatous polyposis.18
Age and sex of the patients showed no statistical
correlation with VEGF expression (Table 4 & 5). Similar
observations was also seen in other studies,19-22 However,
Van Triest B et al study showed contrary findings where in
significant positive correlation between VEGF expression
and patient’s gender and age was demonstrated.23
Further, site of the tumors also did not have correlation
with VEGF expression. (Table 6). Similar observation was
also seen in Mohamed HAD et al study.32
In the current study, VEGF expression was more
intense i.e score 4 was demonstrated in poorly differentiated
and grade 3 tumors. As the grading of the tumor increased,
the intensity of VEGF expression also increased. This
shows strong statistical correlation of VEGF expression
with Histological grade of the tumor (Table 2). Studies by
Mohamed HAD et al,32 Zheng et al,15 Jia et al,21 Xu et al22
and Ali F et al16 also demonstrated similar observation.
The next factor to show significant correlation with
VEGF expression was tumor stage (Table 3). We used TNM
classification for staging of the tumor. Most of the stage III
tumors showed score 4 of VEGF expression. The stage I
tumors showed predominantly score 2 of VEGF expression
and stage II tumors showed predominantly score 3 of VEGF
expression. This result matched with other studies of
Minagawa et al,25 Jia et al21 and Saumaoro et al.26
Further, it was also observed that all tumors with
mucinous component showed increased VEGF expression
(score 3). Similar observation was seen in Mohamed HAD
et al study.32
VEGF is an important growth factor required for tumor
angiogenesis in most of the solid malignancies including
CRCs. Many studies have shown that increased VEGF
expression in primary tumors was associated with poor
prognosis.26,27,28 But this also implies that VEGF could be a
potentially useful target for pharmacological inhibition of
angiogenesis. Hence, several different research projects are
underway to target VEGF signal transduction.
Counteracting monoclonal antibodies against VEGF have
been shown to block its angiogenic activity, resulting in
regression of tumor vasculature which in turn helps in
inhibiting the further progression of the tumor. This can also
increase the delivery of chemotherapy and make radiation
therapy more effective. Most importantly it can increase the
survival of CRC patients.29-31
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