
ORIGINAL RESEARCH

Immunohistochemical Expression of Fatty Acid Synthase and Vascular
Endothelial Growth Factor in Primary Colorectal Cancer:
a Clinicopathological Study

Asmaa Hussein Mohamed1
& Nelly Mohamed Said1

Published online: 21 April 2018
# Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Background Fatty acid synthase (FAS) is a valuable lipid enzyme involved in lipid biosynthesis and suggested to contribute in
tumor carcinogenesis. Vascular endothelial growth factor (VEGF) is considered a serious angiogenic growth factor in the
angiogenic pathway which is a very important in tumor growth and metastasis. Thus, inhibition of lipid biosynthesis and tumor
angiogenesis can be new goals for colorectal cancer (CRC) treatment.
Aim of the Work The assessment of the expression of FAS and VEGF protein and the relationship between them in CRCwith the
clinicopathological parameters.
Methods The present retrospective study included 63 paraffin blocks previously diagnosed as primary cases of CRC. The slides
were subjected to FAS and VEGF immunohistochemical staining using a streptavidin-biotin-peroxidase. The relationships
among FAS and VEGF expression and clinicopathological parameters were statistically analyzed.
Results The expression rate of FAS was 81% and VEGF was 84.1% in the studied cases. FAS expression was significantly
associated with histopathological type (p = 0.02) and grade (p = 0.04), and highly associated with lymph node metastasis and
stage (p < 0.001).VEGF was significantly associated with histopathological type (p = 0.01) and tumor depth (p = 0.02); highly
associated with grade, lymph node metastasis, and stage (p < 0.001). There was a positive association between FAS and VEGF
expression in CRC (p < 0.001).
Conclusion FAS and VEGF showed a highly significant expression in the studied primary CRC cases. A significant association
was observed between their expressions, suggesting the involvement of FAS in tumor angiogenesis. So they constitute potential
targets in cancer prevention and treatment and make FAS an attractive antiangiogenic target.
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Introduction

Colorectal cancer (CRC) is the secondmost frequent cancer in
women and the third one in men worldwide [1]. The incidence
of CRC in the USA is approximately 135,000 and the mortal-
ity is 50,200 per year. High mortality of CRC can be related to
the delayed diagnosis of the majority of patients with ad-
vanced stages of the disease, mostly stage IV with a 5-year
survival rate 13% [2]. The incidence of CRC in Egypt

constitutes about 6.5% of all malignancies [3], 3.14% of total
malignancies in men, and 3.35% of total malignancies in
women with a male to female ratio about 1 [4]. Treatment
protocols for high stages of CRC are limited and improved
survival is hoped with developing new therapeutic targets.

Fatty acid synthase (FAS) is a critical enzyme of lipid bio-
synthesis [5]. The expression of FAS enzyme in normal tis-
sues is very minimal due to its inhibition by lipid intake.
However, high expression of FAS was found in various meta-
plastic, dysplastic, and malignant tumors as intestinal meta-
plasia, adenoma, and carcinoma of the stomach; breast cancer;
prostate cancer; and squamous cell carcinoma of the lung
[6–9].

The relation between lipid synthesis and metastatic behav-
ior of cancer has been accepted, but still, it is not clear how
FAS regulates metastasis. The metastatic procedure is
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considered a complex one and undergoes multiple steps. It
demands that cancer cells develop an aggressive behavior
with tumor microenvironment modulation, including its valu-
able component, the vascular niche [10, 11].

Angiogenesis has an impressive role in tumor develop-
ment, progressive course, and metastatic behavior [12].
Vascular endothelial growth factor (VEGF) is the most effec-
tive angiogenic growth factor in angiogenesis pathway [13]. It
induces endothelial cell proliferation, blood vessels perme-
ability, and migratory potential of the endothelial cells [14,
15]. Also, it suppresses apoptosis, whereas its inhibition re-
duces tumor growth [16].

The aim of the current study is to assess FAS and VEGF
immunohistochemical expression in primary CRC cases, their
association with the clinicopathological parameters, and
whether there is a correlation between the expression of FAS
and VEGF in primary CRC.

Material and Methods

The current retrospective study involved 63 formalin-fixed
paraffin blocks previously diagnosed as cases of primary
CRC. The blocks were randomly selected including tumor
tissue with the adjacent part of normal mucosa as a control,
from the archives of Pathology Department, Faculty of
Medicine, Zagazig University (September 2016–September
2017). The patients who had preoperative chemotherapy or
radiotherapy were excluded. The clinical and pathological in-
formation assessed were age, sex, tumor site, histopathologi-
cal type, tumor grade, depth of invasion, lymph node involve-
ment, and tumor stage.

The histopathological types of colorectal cancer were con-
ventional adenocarcinoma, mucinous carcinoma, and signet
ring carcinoma. Tumors of the conventional type were graded
as well (grade I) and moderately (grade II) differentiated adeno-
carcinoma, while mucinous carcinoma and signet ring carcino-
ma were assessed as grade III. The staging of colorectal tumors
was done according to the WHO classification 2010 [17].

Immunohistochemical Staining

Immunohistochemical staining was carried out using indirect
streptoavidin-biotin peroxidase technique. Tissue sections (3–
5 μm) were deparaffinized in xylene and rehydrated in graded
alcohol. Slides were incubated for 10 min in 0.3% hydrogen
peroxide in absolute methanol to block the activity of endog-
enous peroxidase enzyme. Antigen retrieval was performed
using Dako target retrieval solution (pH 6.0).The slides were
then incubated for 60 min at room temperature using a rabbit
polyclonal FAS antibody (Santa Cruz Biotechnology, Cat#sc-
20140, CA, USA) with a 1:150 dilution and a rabbit polyclon-
al [ready to use] VEGF antibody (Thermo Fisher Scientific,

Cat#RB-222-R7, Fremont, USA), then washed with two
changes of phosphate buffered saline. After that, the slides
were stained again with secondary antibody for 15 min at
room temperature and then rinsed in the buffer again. After
conjugation with streptavidin-biotin-peroxidase complex
(broad-spectrum LAB-SA detection system, Invitrogen), 3,
3-diaminobenzidine (DAB, Sigma-Aldrich, MO, USA) was
used as a chromogen and Mayer’s hematoxylin was used as
a counterstain.

Appropriate positive and negative controls were included
in each run. Negative controls were prepared by replacing the
primary antibody with phosphate buffered saline. An internal
positive control in the tissue samples of adipose tissue was
evaluated for FAS expression, and of blood vessels, to assess
VEGF expression.

Evaluation of FAS Expression

FAS expression was evaluated as positive if found in the cell
cytoplasm. The evaluation method for FAS expression was
modified after the method of Wang et al. 2016 [18]. The extent
and the intensity of positive staining were estimated. The extent
of FAS was scored according to positive cells percentage (1, 0–
5%; 2, 6–50%; 3, 51–75%; 4, ≥ 76%). The intensity was grad-
ed as (1, no staining; 2, weak staining; 3, moderate staining; 4,
strong staining). The score is finally calculated from 1 to 16 by
multiplying the extent and the intensity scores, then evaluated
as: negative expression (1–4), weak expression (5–8), moderate
expression (9–12), or strong expression (>12). FAS expression
is considered positive if the score is more than 8.

Evaluation of VEGF Expression

VEGF expression was detected in the cell cytoplasm. A mod-
ulated method of Hafez and Tahoun 2016 [19] was used for
evaluation. The extent and the intensity of positive staining
were assessed. The extent of VEGF was scored according to
positive cells as follows: (0, < 10%; 1, 10–25%; 2, 26–50%; 3,
≥ 51%). Then, the staining intensity of staining for VEGF was
assessed as 0 for negative staining, 1 for weak intensity, 2 for
moderate intensity, and 3 for strong intensity. The sum of the
two parameters ranged from 0 to 6, and then we considered:
negative or weak expression, for scores between 0 and 2;
moderate expression, for scores 3 and 4; strong expression,
for scores 5 and 6. VEGF expression is considered positive if
the score is more than 2.

Statistical Analysis

The collected data were computerized and statistically ana-
lyzed using SPSS program (Statistical Package for Social
Science) version 18.0. Qualitative data were represented as
frequencies and relative percentages. Chi-square test was used
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to calculate the difference between qualitative variables.
Fisher’s exact test was used to calculate the difference be-
tween qualitative variables in different groups when one or
more of the studied cells were less than 5. Quantitative data
were expressed as mean ± SD. The significance level for all
mentioned tests was done. The p value of < 0.05, < 0.01 indi-
cates significant and highly significant results, respectively.

Results

In the present study, patients’ ages of 63 cases of CRC ranged
from 40 to 65 years old with a mean age = 53.4 ± 9.46. Most
cases (84.1%) were present in the age group between 40 and
60 years. The male to female ratio was about 1.2.

The Relationship Between FAS Expression
and Clinicopathological Data in Primary CRC Cases

In normal colonic mucosa adjacent to tumor, there was no
expression of FAS (Fig. 1a), but it was highly expressed in
81% of the studied CRC cases. The majority of cases showing
negative or weak FAS expression were well-differentiated
(grade I) adenocarcinomas (50%) (Fig. 1b), tumors with no

lymph node metastasis [N0] (91.7%), and stage I (83.3%).
Most cases of moderately differentiated (grade II) adenocarci-
nomas (14/18) and mucinous carcinoma (grade III) (16/19)
showed moderate positive FAS expression (Fig. 1c, d).
Cases with strong positive FAS expression were mostly signet
ring (grade III) carcinomas (50%) (Fig. 1e), showed lymph
node metastasis [N2] (100%), and stage III (100%).

FAS expression was significantly associated with histo-
pathological type (p = 0.02), and tumor grade (p = 0.04), and
showed a highly significant association with lymph node me-
tastasis (p < 0.001) and tumor staging (p < 0.001), while there
was no significant association between FAS expression and
patient age, sex, tumor site, or depth of invasion (Table 1).

The Relationship Between VEGF Expression
and Clinicopathological Data in Primary CRC Cases

From the studied cases, 53/63 (84.1%) showed positive VEGF
expression. Negative/weak VEGF expression was mostly
found in cases of well-differentiated (grade I) adenocarci-
nomas (60%) (Fig. 2a), depth of invasion [T2] (50%), and
negative lymph node metastasis [N0] (60%). However, most
cases showing strong positive VEGF expression were moder-
ately differentiated (grade II) adenocarcinomas (36.4%)
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Fig. 1 Immunohistochemical expression of FAS using indirect
streptoavidin-biotin immunoperoxidase technique (original
magnification × 400). Negative FAS expression was found in a normal
colonic mucosa and b well-differentiated (grade I) CRC. Moderate
positive FAS expression with strong staining intensity was found in the

neoplastic epithelium of c moderately differentiated CRC (grade II) and d
mucinous carcinoma surrounded by mucin lakes (grade III). e Signet ring
CRC carcinoma (grade III) showing strong positive expression in the
cytoplasm of neoplastic signet ring cells



(Fig. 2b) and mucinous (grade III) carcinomas (39.4%)
(Fig. 2c), tumors with [T3] depth of invasion (69.7%) and
lymph node metastasis [N1] (54.5%), and stage III (81.8%).
Most cases of signet ring carcinoma 5/6 showed strong posi-
tive VEGF expression (Fig. 2d). VEGF expression was sig-
nificantly associated with histopathological type (p = 0.01)
and depth of invasion (p = 0.02); and a highly significant re-
lation was found between VEGF expression and tumor grade
(p = 0.002), lymph node metastasis (p < 0.001), and staging
(p < 0.001). There was no significant association between
VEGF expression and patient age, sex, or tumor site (Table 2).

The Relationship Between FAS and VEGF Expression
in Primary CRC Cases

In order to evaluate the relation between the immunohisto-
chemical expression of FAS and tumor angiogenesis, we have
evaluated the association between FAS and VEGF expression.
All cases with strong positive FAS expression showed also
strong positive VEGF expression, and negative/ weak FAS
expression was found mostly with negative/ weak VEGF ex-
pression (83.3%). There was a highly significant relationship

between FAS and VEGF expression in the studied cases of
primary CRC (p < 0.001) (Table 3).

Discussion

The metastatic potentiality of cancer comprises several
changes in the cellular oncogenic and metabolic pathways.
The malignant cells produce high levels of fatty acids de-
spite the level of extracellular lipids. This may explain the
probable role of fatty acids overexpression in progression
of malignancy [18].

Overexpression of FAS has been reported in advanced
stages of CRC [18], but the role of FAS in metastasis is not
well understood. And since tumor angiogenesis is crucial for
the metastatic progression of the tumor [20], we investigated
the expression of FAS and VEGF in CRC.

Several studies have demonstrated that FAS expression is
elevated in primary CRC when compared with control normal
mucosa [18, 21–23]. Our results revealed that FAS was highly
expressed in 81% of our studied cases of primary CRC, which
were concordant with the prior observations [18, 24, 25],

Table 1 The correlation between FAS expression and clinicopathological parameters in primary CRC cases

Parameters Negative/weak expression Moderate expression Strong expression p

(n = 12) (n = 45) (n = 6)

No % No % No %

Age group 40–60 years 10 83.3 38 84.4 5 83.3 0.99
> 60 years 2 16.7 7 15.6 1 16.7

Sex Male 5 41.6 26 57.8 3 50 0.60
Female 7 58.4 19 42.2 3 50

Histopathological type Well-differentiated adenocarcinoma 6 50 13 28.9 1 16.7 0.02*
Moderately differentiated adenocarcinoma 3 25 14 31.1 1 16.7

Mucinous carcinoma 2 16.7 16 35.6 1 16.7

Signet ring carcinoma 1 8.3 2 4.4 3 50

Tumor site Left-sided 6 50 27 60 4 66.7 0.76
Right-sided 6 50 18 40 2 33.3

Tumor grade Grade I 6 50 13 28.9 1 16.7 0.04*
Grade II 3 25 14 31.1 1 16.7

Grade III 3 25 18 40 4 66.7

Depth of invasion T2 4 33.3 6 13.3 1 16.7 0.50
T3 5 41.7 29 64.4 3 50

T4a 3 25 10 22.2 2 33.3

Lymph node metastasis N0 11 91.7 19 42.2 0 0 < 0.00**
N1 1 8.3 22 48.9 0 0

N2 0 0 4 8.9 6 100

Stage I 10 83.3 2 4.4 0 0 < 0.001*
II 1 8.3 17 37.8 0 0

III 1 8.3 26 57.8 6 100

*Indicates a significant statistical relation

**Indicates a highly significant statistical relation
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confirming that FAS plays an important role in the carcino-
genic pathway of CRC. Higher and lower expressions of FAS
were reported by others [5, 22, 23, 26, 27]. These discrepan-
cies may be related to the use of different scoring systems,
change in specificity, and sensitivity of antibodies employed
in immunohistochemistry or patient heterogeneity.

FAS expression was significantly associated with the his-
topathological type (p = 0.02), tumor grade (p = 0.04), and had
a highly significant association with lymph node metastasis
(p < 0.001) and tumor staging (p < 0.001), suggesting that this
enzyme might be involved in the tumor differentiation and
metastasis. These results agreed with other reports [18,
22–24], however contradicted with other ones [21, 26–28].
In agreement with other studies [18, 23, 27], increased expres-
sion of FAS was observed in mucinous carcinomas and signet
ring carcinomas with the extensive metastatis for lymph
nodes. Therefore, FAS expression could correlate with poor
prognosis of CRC through an association with lymph node
metastasis and aggressive histopathological subtypes of
CRC. No significant relation was found between FAS expres-
sion and patient age, sex, and tumor site, in agreement with
some studies [18, 22, 25].

The increased expression of FAS in tumor cells is crit-
ical for the function of endoplasmic reticulum, the main
site for phospholipid synthesis to maintain the membrane
biogenesis [29]. FAS inhibitors, like C75 and orlistat, have
been shown to exhibit an antitumor activity [30–32]
through downregulation of FAS by means of its enhanced
proteasomal degradation leading to increased apoptosis
[33]. These data support that FAS acts as an oncoprotein.
Importantly, FAS overexpression confers chemoresistance
in breast cancer cells, and inhibition of FAS may enhance
the effect of chemotherapy [34, 35]. Thus, inhibition of
fatty acid synthesis by inhibiting the enzymatic function
with metabolic analogs or by decreasing transcription of
the FAS gene may be eventually a useful strategy to treat
CRC or to inhibit progression of the tumor.

In many human cancers, the angiogenesis pathway of the
tumors and its clinical importance has been evaluated. VEGF
was confirmed to be a useful marker for the assessment of
angiogenesis [36, 37].

Based on our immunohistochemical evaluation, cytoplas-
mic staining for VEGF was detected in 84.1% of the studied
CRC cases. Our findings were homogeneous with many
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Fig. 2 Immunohistochemical expression of VEGF using indirect
streptoavidin-biotin immunoperoxidase technique (original
magnification × 400). a Negative VEGF expression with weak staining
intensity was found in the glandular epithelium of well-differentiated

CRC (grade I). Strong positive VEGF expression was found in the
cytoplasm of the neoplastic cells of b moderately differentiated CRC
(grade II), c mucinous carcinoma (grade III) surrounded by mucin
lakes, and d Signet ring CRC carcinoma (grade III)



studies [20, 38], but higher than the results of others [39–41].
Mohamed et al. (2016) [42] reported a higher positivity rate of
VEGF (94.7%).

In the current study, there was a statistically significant
relationship between VEGF expression and histopathological
type, which was confirmed by some previous studies [41, 43,
44], while a study held up by Vahedi et al. (2015) [39] found a
negative significance with the tumor type.

Several studies have shown a highly significant association
between VEGF expression and tumor grade in CRC, which
are in harmony with our results [39, 45–47], but no significant
difference was observed by Hashim et al. (2010) [48]. As
regards the lymph node involvement and the tumor stage,
we detected a highly significant relation with VEGF expres-
sion that matched with various works [39, 41, 42, 49, 50], who
found an association between the tumor stage and lymph node

Table 2 The correlation between VEGF expression and clinicopathological parameters in primary CRC cases

Parameters Negative/weak
expression

Moderate
expression

Strong
expression

p

(n = 10) (n = 20) (n = 33)

No % No % No %

Age group 40–60 years 8 80 18 90 27 81.8 0.68

> 60 years 2 20 2 10 6 18.2

Sex Male 6 60 9 45 19 57.6 0.62
Female 4 40 11 55 14 42.4

Histopathological type Well-differentiated adenocarcinoma 6 60 11 55 3 9.1 0.01*
Moderately differentiated adenocarcinoma 2 20 4 20 12 36.4

Mucinous carcinoma 2 20 4 20 13 39.4

Signet ring carcinoma 0 0 1 5 5 15.2

Tumor site Left-sided 5 50 13 65 19 57.6 0.72
Right-sided 5 50 7 35 14 42.4

Tumor grade Grade I 6 60 11 55 3 9.1 0.002**
Grade II 2 20 4 20 12 36.4

Grade III 2 20 5 25 18 54.5

Depth of invasion T2 5 50 4 20 2 6.1 0.02*
T3 2 20 12 60 23 69.7

T4a 3 30 4 20 8 24.2

Lymph node metastasis N0 6 60 18 90 6 18.2 < 0.001 **
N1 4 40 1 10 18 54.5

N2 0 0 1 10 9 27.3

Stage I 4 40 5 25 3 9.1 < 0.001**
II 2 20 13 65 3 9.1

III 4 40 2 10 27 81.8

*Indicates a significant statistical relation

**Indicates a highly significant statistical relation

Table 3 The correlation between FAS and VEGF expression in primary CRC cases

FAS expression p

Negative/weak expression
(n = 12)

Moderate expression
(n = 45)

Strong expression
(n = 6)

No % No % No %

VEGF expression Negative/weak express ion (n = 10) 10 83.3 0 0 0 0 < 0.001**
Moderate expression (n = 20) 1 8.3 19 42.2 0 0

Strong expression (n = 33) 1 8.3 26 57.8 6 100

**Indicates a highly significant statistical relation
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metastasis with VEGF expression. Our findings support that
high VEGF expression is linked to advanced CRC. However,
Hashim et al. (2010) [48] found no significant difference be-
tween the stages of CRC andVEGF expression, may be due to
their use of a different scoring system that depends only on
assessing of the percentages of positively stained cells.

Our results observed no statistically significant relation be-
tween VEGF expression and some clinicopathological fea-
tures, such as patient age, sex, and tumor site (p > 0.05).
These were confirmed by some researchers [28, 31, 39, 42],
but in contrary with the results of van Triest et al. (2000) [47]
who identified a significant relation between VEGF expres-
sion and patient age and sex.

In order to evaluate the contribution of FAS expression to
tumor angiogenesis, we evaluated the relation between the
immunohistochemical expression of FAS and VEGF. Our re-
sult revealed a highly significant association between them
(p < 0.001). These data suggest that high level of FAS enzyme
involved in the development of angiogenesis in CRC cases
may be through VEGF upregulation. Our results are in agree-
ment with Zaytseva et al. (2014) [20] who showed that a stable
FAS knockdown in CRC cells leads to suppression of prolif-
eration, migration, and the tubule formation of the endothelial
cells and attenuation of vascular endothelial growth factor
receptor-2 signaling in vitro.

In conclusion, our study detected that both FAS and VEGF
show high expression in primary cases of CRC. A significant
association was found between their expressions in primary
CRC cases, proposing the involvement of FAS in tumor an-
giogenesis. So, FAS could be an attractive antiangiogenic tar-
get for advanced CRC warranting further works, using FAS
inhibitors drugs that could inhibit CRC metastasis through
tumor angiogenesis.
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