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ABSTRACT

Aim: The aim is to study VEGF, HER2/neu, EGFR and c-kit expression by immunohistochemistry in
HCC in Egyptian cirrhotic patients.

Patients & Methods: Fifty four cases of HCC were included in this study, 38 cases of them were
hepatectomy samples. All were histologically diagnosed and graded. There were 10 cases well
differentiated, 22 moderately differentiated, 16 poorly differentiated and 6 undifferentiated HCC.

Results: All patients had cirrhotic livers, and the most common etiology was HCV (59%).
Immunohistochemical expression of VEGF, HER2/neu, c-kit and EGFR in HCC cases were studied with
scoring of each case. Statistical analysis was done to correlate the results. There were 48/54 (88.9%) VEGF,
22/54 (40.7%) HER2/neu, EGFR 6/54 (11%) and 28/54 (70.4%) c-kit positive cases. There was statistical
significant correlation between expression of VEGF and histopathological grading of HCC but, it was
statistically insignificant with the others

Conclusion: VEGF is an important molecular target for anti angiogenic therapy in HCC patients.

Key words: vascular endothelial growth factor (VEGF), HER2/neu, c-kit, epidermal growth factor
receptor (EGFR), hepatocellular carcinoma (HCC)
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INTRODUCTION

Targeted cancer therapies are drugs that block the
growth and spread of cancer by interfering with
specific molecules involved in tumor growth and
progression which, may be more effective than
other types of treatment, including chemotherapy
and radiotherapy, and less harmful to normal
cells.®

Many targeted cancer therapies have been
approved by the U.S. Food and Drug

Administration (FDA) for the treatment of specific
types of cancer as cancer breast and colon. Others
are being studied in clinical trials , and many
more are in preclinical testing. Targeted cancer
therapies are being studied for use alone, in
combination with other targeted therapies, and in
combination with other cancer treatments, such as
chemotherapy.®
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Liver cancer is the fifth most common cancer
among men worldwide and eighth in women. It
accounts for almost 4% of all human cancers. The
highest incidence rates are recorded in China (55%
of the total world), Japan, South East Asia and
some regions in Africa including Egypt and sub-
Saharan Africa @).

According to Gharbiah population-based cancer
registry published in 2007, the population of
Egypt has a heavy burden of liver cancer. This is
mainly due to increasing prevalence of hepatitis C
viral infection. The hepatocellular carcinoma
(HCC) represents 8.1% of all incident cancer in
Egypt. It is responsible for 12.8% of male cancers,
and 3.2% of female cancers, so ranked second in
males after bladder carcinoma and seventh in
females. The number of incident cases in Egypt is
approximately 9360 patients every year. This
places Egypt in the 90t percentile rank
worldwide, which means that only 10% of all
registries worldwide are worse than Egypt ®.

The prognosis of hepatocellular carcinoma will
soon include  molecular and  genomic
“fingerprints” that are unique to each cancer,
which will allow more personalized treatment
plans for patients as more targeted therapies
become available® So, the aim of this study is to
evaluate the expression of some biological
markers (VEGF, HER2/neu, EGFR and c-kit) of
hepatocellular ~ carcinoma  using  immuno-
histochemistry as their expression may modify
treatment regimens.

PATIENTS & METHODS

Fifty four HCC cases(38 hepatectomy specimens
and 16 core biopsies) were collected during the
period of 2009 and 2010 at Tropical Medicine
Department, Faculty of medicine, Tanta
University, Egypt.

e Cases with hepatic focal lesion on
ultrasonography with elevated alpha-fetoprotein
(AFP) and confirmed to be HCC with triphasic
CT scan were sent to surgery for hepatectomy
(38 cases).

e Sixteen cases of core biopsy for patients with
inclusive imaging results and normal alpha-
fetoprotein.

The risk factors as cirrhosis, HCV, HBV either
individually or co-infection of all the studied cases
were studied and evaluated.

All the studied specimens were fixed in 10%
formalin and subsequently embedded in paraffin,
then submitted to haematoxylin and eosin (H&E)
staining for assessment of the pathological
parameters of HCC including the tumour grade,
steatosis, as well as the histopathological pattern
and cytological features. The adjacent non
tumorous liver tissue was also examined for the
presence of cirrhosis.

Grading of HCC cases was done according to the
World Health Organization (WHO) into well,
moderately, poorly and  undifferentiated
tumours®.

Immunohistochemical staining was performed on
3-5 pm sections using the Ultra Vision One
Detection System (HRP Polymer&DAB Plus
Chromogen, Catalog #TL-015-HDJ, LabVision,
USA). Sections were deparaffinized with xylene
and rehydrated with graded alcohol series.
Antigen retrieval was done by immersing the
sections in 10mmol/1 citrate buffer (pH6.0) for 10
minutes at 100 1C° in microwave. Endogenous
peroxidase activity was blocked with hydrogen
peroxide block for 10 minutes. After thorough
washing of the sections with phosphate buffered
saline, incubation was done for 10 minutes with
UltraV block to prevent non-specific background
staining, followed by rinsing the sections with
PBS. Subsequently, an overnight incubation of the
sections with the following antibodies was done at
room temperature in a humidity chamber: [1]
Mouse monoclonal antibody against vascular
endothelial growth factor against “VEGF” (Ab-7
“Clone VG1”, Catalog # MS-1467-P, Lab Vision,
USA) [2] Mouse monoclonal antibody against
epidermal growth factor receptor “EGFR” (Ab-10
“Clone 111.6”, Catalog # MS-378-B, Lab Vision,
USA)  [3] Mouse monoclonal antibody against
Her-2/neu (Clone e2-4001+3B5, Catalog # MS-
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730-P, LabVision, USA) and [5] Rabbit polyclonal
antibody against CD117 “c-kit” (Ab-6, Catalog #
RB-1518-P, Lab Vision, USA).

The sections were then washed with PBS and
incubated with biotinylated goat anti-polyvalent
(secondary antibody) for 10 minutes at room
temperature followed by washing with PBS, then
incubated with streptavidin peroxidase solution
for 10 minutes at room temperature, then rinsed
with PBS. The reaction products were visualized
using 3-30-diamino-benzidine-tetra-hydrochloride
(DAB), and the sections were then counterstained
with Mayer’s haematoxylin, dehydrated in
alcohol and mounted in Di-n-butyl-phthalate-
polystyrene-xylene (DPX).

Positive controls: In order to confirm the results
of the staining, positive controls were performed
as follows: sections from a case of angiosarcoma
“for VEGF”, sections from a case of squamous
cell carcinoma “for EGFR”, sections from a case of
Her-2/neu positive breast carcinoma “for Her-
2/neu”, and sections from a case of
gastrointestinal stromal tumor “GIST” for CD117
“c-Kit”. In addition,

Negative controls: omission of the primary
antibodies was done, and instead, normal rabbit
serum was applied.

Scoring of VEGF immuno-reactivity: We applied
for all cases VEGF scoring system described and
used by Raica et al. follows: negative staining
with 0, weak positive (+1, weak reaction in less
than 10% of tumor cells, moderate positive (+2,
weak-moderate reaction in 10-50% of tumor cells)
and intense positive (+3, strong or moderate
intensity in more than 50% of tumor cells).()

Scoring of Her-2/neu immuno-reactivity: As
nearly all cases expressed cytoplasmic HER2/neu
scoring of cytoplasmic expression of HER2/neu
was done. Cytoplasmic staining was evaluated in
the neoplastic cells and quantified and classified it
in four categories, such as more than 50%, 10-50%,
less than 10% and negative.®

Scoring of EGFR immuno-reactivity: Membrane
staining was evaluated in the neoplastic cells and

quantified and graded as recommended in the
detection kit: 0 score (Negative): No staining
observed, or membrane staining in <10%
neoplastic cells.

1+ score: Weak complete and/or incomplete
membrane staining in >10% neoplastic cells. 2+
score: Moderate complete and/or incomplete
membrane staining in >10% neoplastic cells. 3+
score: Strong complete and/or incomplete
membrane staining in >10% neoplastic cells.
Positive Scores (1+, 2+, and 3+ were considered
positive)®)

Scoring of c-kit immuno-reactivity: For c-kit
expression level: score 0, no staining was observed
or staining was observed in less than 10% of cells;
score 1+, the cytoplasm was discretely and
weakly-moderately stained in 10% or more of the
epithelial cells; score 2+, the cytoplasm was
strongly stained with or without membrane
staining in 10% or more of the epithelial cells.
Cases with a score of 1+ and 2+ were considered
positive (10

Statistical analysis: The collected data were
statistically analyzed using SPSS statistical
software package (SPSS 16.0 for Windows, SPSS
Inc., Chicago, IL, USA). Chi square and Fisher
exact probability tests have been used to compare
between groups. A significant difference was
considered when p value was <0.05.

RESULTS

Clinical results: In the studied group, median age
was 62 years (40 to 88) and the male/female ratio
was 40/14. Evaluation of risk factors showed that,
all patients had cirrhotic livers, and the most
common etiology was HCV (59%) as shown in
table (1).

Histopathological results: Histopathological
examination of the tissue sections of 54 cases
showed that there were 10 cases of well
differentiated (HCC G1), 22 cases of moderately
differentiated (HCC G2), 16 cases of poorly
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differentiated (HCC G2)
undifferentiated (HCC G4).

and 6 cases of

The histological patterns were pure trabecular,
pseudoacinar and mixed. Macrovesicular steatosis
was detected in 6 cases. Adjacent cirrhosis was
detected in all cases.

Immunohistochemical results (Table 2)

e VEGF: there were 48 out of 54 cases positive
(88.9%) for anti-VEGF antibodies and there were 6
(11.1%) cases negative for VEGF. The positive
cases showed cytoplasmic staining variable in
intensity and percentage (fig 1, 2). 22/48 positive
cases (45.8 %) were of score 3, 14/48 cases (29.2 %)
of score 2 and 12/48 cases (25%) of score 1.

e HER2/neu there were 32/54 (59.3%) cases
negative for immunostaining of anti- HER2/neu
antibodies, while 22/54(40.7%) cases were
positive for HER2/neu. Positive cases showed
granular cytoplasmic staining with score ranged
from (1-3). 18/22 cases (81.8%) showed positivity
of score3 (fig 3). 2/22 cases (9.1%) for both score 2
and of score 1. Six cases showed incomplete
membranous staining beside cytoplasmic staining

(tig 4).

¢ EGFR: there were 6/54(11%) cases positive for
anti-EGFR antibodies and there were 48/54(89%)
cases negative for EGFR. The positive cases
showed weak incomplete membrane staining in
>10% neoplastic cells i.e scorel (fig 5)

e C-kit: there were 38/54 (70.4%) cases positive
for anti c-kit antibodies and 16/54 (29.6%) cases
negative. The positive cases showed cytoplasmic
positivity (fig 6) and 12 cases showed
membranous staining (fig 7). There were 24/38
positive cases (63.2%) of score 2 and 14 positive
cases (36.8%) of score 1.

Relationship between VEGF expression and
grading of HCC ( table 3): Expression score (3&2)
of VEGF was high in well differentiated HCC
(90%), and decreased with increasing of grade
HCC. It was 63.7% with moderately differentiated
HCC and 33.3 % with poorly differentiated HCC.

There was statistical significant correlation
between expression of VEGF and
histopathological grading of HCC, p value was
<0.05. No statistical significant correlation has
been found between (HER2/neu, EGFR and c-kit)
expression and histopathological grading of HC
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Table (1): Risk factors of HCC in studied group (54 cases)

Risk factors Patients (54 cases)
HCV 31 59%
HBV 15 26%
HCV & HBV co-infection 8 15%
Cirrhosis 54 100%

Table (2): Summary of immunohistochemical results (54 cases)

Total positive cases Scoring of positive cases Total negative
(54cases) Scorel Score2 Score3 cases (54 cases)
VEGF 48 Cases (88.9%) 12 (25%) 14 (29.2%) 22 (45.8 %) 7 (11.1%)
HER2/neu 22 Cases (40.7%) 2 (9.1%) 2 (9.1%) 18 (81.8%) 32 (59.3%)
EGFR 6 Cases (11%) 6 (100%) 0 0 48(89%)
c-Kit 38 Cases (70.4%) 14 (36.8) 24 (63.2%) 0 16 (29.6%)

Table (3): Relationship between VEGF expression and histopathological grading (54 cases)

VEGF P*
Negative Weak Moderate Strong Total
(score 1) (score 2) (score 3)

Well 0 1 3 6 10
Differentiated 0% 10% 30.0% 60.0% 100.0%
Moderately 1 7 6 8 22
Differentiated 4.5% 31.8% 27.3% 36.4% 100.0%
Poorly 1 4 3 8 16 0.01
Differentiated 6.2% 25% 18.8% 50% 100.0%
Undifferentiated 4 0 2 0 6

66.7 % 0% 33.3% 0% 100.0%

Total 6 12 14 22 54
11.1% 22.2% 25.9% 40.7% 100.0%

*significant using Pearson Chi-Square 2 sided test
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Fig (1): VEGF cytoplasmic strong Fig (2): VEGF expression in clear type  Fig (3): HER2/neu expression of score 3
expression score 3 in moderately HCC (original magnificationx40) with granular cytoplasmic staining in
differentiated HCC (original HCC grade2 (original magnification
magnification x40) x40)

Fig (4): HER2/neu expression in Fig (5): EGFR expression in HCC Fi (6): c-kit cytoplasmic expréssion
HCC grade 2 showing granular with weak incomplete membranous in HCC (original magnificationx40)

5

cytoplasmic and incomplete staining  of  score  1(original
membranous  staining  (original ~magnificationx40)
magnificationx40)

DISCUSSION

Hepatocellular carcinoma is the sixth most
prevalent cancer and the third most frequent
cause of cancer-related death. Infection with
hepatitis B Virus (HBV) or hepatitis C Virus
(HCV) in human liver induces the development of
chronic hepatitis, liver cirrhosis, and in some
instances hepatocellular carcinoma (HCC). HCV
may promote cancer through cirrhosis, which is
often associated with HCV-related HCC, but it
might also have oncogenic properties by
interacting with cellular genes that regulate cell
growth and differentiation.(

Fig (7): c-kit cytoplasmic and membranous staining in
HCC (original magnificationx40)
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HCC, with and without HCV infection, represents
a major health problem in Egypt, where the two
pathological conditions are integrated in many
cases. Many reports suggested that HCV infection
is, directly or indirectly, involved in HCV-
mediated HCC.(12)

In the present study, all HCC patients had
cirrhotic livers, and the most common etiology
was HCV (59%).

The rate of hepatocellular carcinoma (HCC) is
increasing in Egypt where the major risk factors
are chronic infections with hepatitis B and C
viruses (HBV and HCV). Infection with HCV and
HCV-HBYV double infection, but not HBV or HEV
infection alone, is strongly correlated with HCC in

Egypt.(%

Also, El-Zayadi et al stated that, there was nearly
a twofold increase of the proportion of HCC
among chronic liver disease patients in Egypt
with a significant decline of HBV and slight
increase of HCV as risk factors and that cirrhosis
is the common pathway by which several risk
factors exert their carcinogenic effect (14

Patients with cirrhosis are at highest risk of
developing this malignant disease, and
ultrasonography every 6 months is recommended.
Surveillance  with  ultrasonography  allows
diagnosis at early stages when the tumour might
be curable by resection. (1%

HCC is potentially curable by surgical resection
and liver transplantation. However, the majority
of patients present with advanced stage disease,
which is most commonly accompanied by severe
background liver disease. Therefore, surgery is
feasible for only a small fraction of patients with
localized disease. In the last decade, molecular
characterization of HCC has led to the recognition
of defined aberrant signaling pathways, which
helped in subsequent development of targeted
agents as potential choices for the treatment of
this chemoresistant disease (1%

In the present study VEGF was positive in about
89% of the studied cases which has statistical
significant correlation with histopathological

grading of HCC denoting that the targeted cancer
therapies primarily targeting angiogenesis can be
entered as a clinical trial to improve the disease
outcomes.

Elgendy et al-1? investigated 77 of HCC patients
admitted to the National Cancer Institute, Cairo
during the period 2002-2003. HCC patients were
divided into in HCV related HCC patients and
HCV-free HCC patients. The plasma circulating
levels VEGF was dramatically elevated in all HCC
patients. Also they noticed that, in presence of
HCV infection, the elevation of VEGF was
significant compared to healthy subjects but
insignificant compared to the corresponding
HCV-free patients

Gershtei etal® Compared the level of VEGF in

tumerous tissue of different grades HCC
compared to adjacent liver tissue by immune-
histopathological method and by enzyme

immunoassay. They found that, expression of
VEGF was Increased in HCC tissue compared to
adjacent liver tissue which was correlated with the
degree of histological differentiation and stage of
the tumor.

Also, Mathonnet et al @8 they found high
expression of VEGF in HCC. They suggested a
possible role of angiogenesis in HCC
carcinogenesis. On the contrary Heo etal() stated
that there was no correlation between
differentiation of HCC and the VEGF expression

It is well known that HCC is a vascular tumor and

is dependent on angiogenesis for growth.
Important growth factors include vascular
endothelial growth factor (VEGF), platelet-

derived growth factor (PDGF), epidermal growth
factor (EGF), angiopoietins and fibroblast growth
factors.20)

Disruption of the VEGFR pathway and targeting
growth factors that drive the angiogenic process
can thus interrupt effective angiogenesis and have
clinical effect in the treatment of HCC. Anti-
angiogenic drugs such as sorafenib and
bevacizumab target different points along the
VEGEFR pathway?0).
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Bevacizumab (Avastin; Genentech, Inc, South San
Francisco, CA, USA) is a recombinant humanized
monoclonal antibody directed against VEGEF.
Bevacizumab is also used in the treatment of other
malignancies including colon, breast and kidney
cancer. It has been studied both as a single agent,
as well as in combination with chemotherapeutic
drugs.?) HER-2/neu expression has become an
important biomarker for identifying patients who
could respond to HER-2/neu targeting therapy
using the fully humanized monoclonal antibody
trastuzumab. 1

In the present study HER-2/ neu was
considerably expressed being positive in (40.7%)
of studied cases, showing cytoplasmic staining
beside of the membranous staining, with score
ranged from (1-3). 81.8% of positive cases showed
positivity of score3. There was no significant
correlation found between HER-2/neu expression
and histopathological grading of HCC.

The relationship between HER-2/neu
overexpression and gene amplification is well
evaluated in breast cancers but remains unclear or
controversial in many other tumor entities.
Trastuzumab therapy is highly efficient in HER-
2/neu amplified breast cancer both in metastatic
disease and as an adjuvant therapy ) Tapia et
al@) tested the HER-2/neu status in more than
120 different tumor entities. They found strong
association between HER-2/neu overexpression
and amplification was seen many examined
cancer entities. A variety of other tumor entities
including HCC with often limited therapeutic
options have similar patterns of HER-2/neu
alterations as observed in breast cancer (ie high
overexpression due to high level gene
amplification). Such tumor entities should be
carefully evaluated for a possible utility of
trastuzumab treatment.

Immunohistochemical analysis revealed HER-2
over-expression as high as 92.3% in HCC by Tang
et al® but no obvious relationship was observed
between HER-2 expression and recurrence or
migration of HCC .

On the contrary, eight hundred and sixty eight
surgical samples from patients with primary HCC
were examined for their HER-2/neu status with
the immunohistochemical method and FISH
analysis. There is a low frequency of HER-2/neu
over expression/amplification in HCC. They
suggested that, no role for HER-2/neu as a
prognostic marker and no benefit of anti-HER-
2/neu trastuzumab treatment in patients with
HCC Xian et al®4)-Also, Bacaksiz et al?>) stated
that, although HER-2/Neu amplification is not the
primary mechanism in the development of liver
tumors, it might play a role in one of the steps of
multistage carcinogenesis of HCC.

Cytoplasmic expression of HER-2/neu was
reported in other cancer types as in colonic
carcinomas. In their study Ghaffarzadegan et al®?%
reported that HER2/neu was expressed in the
cytoplasm of 65.9% of their colonic carcinomas
cases, while 34.1% showed membranous
expression and no single case showed pure
cytoplasmic expression.

Different patterns of HER-2/neu staining were
detected in gastroeosophageal carcinomas in the
study of Boers et al®). Also, HER-2/neu
expression in colonic adenocarcinomas, Twenty-
seven (65.9%) cases had cytoplasmic and 14
(34.1%) cases had membranous (predominant)
and cytoplasmic staining. There was no case with
pure membranous staining (2°).

In the study of Lee et al ?® on gastric carcinomas
it was found that strong membrane staining for
HER-2/neu was noted in 14 cases (25%), all of
which were of the intestinal type. Only
cytoplasmic staining was found in an additional
21 cases (37.5%).

In the present study, the least to be expressed was
the EGFR in 11% only and by weak expression.
There was no significant correlation found
between histopathological grading and expression
of EGFR. This may give an idea that the
evaluation of EGFR has a less valuable role in
targeted cancer therapy of HCC.
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The epidermal growth factor receptor (EGFR)
signaling pathway is an important mediator of
cancer cell oncogenesis, proliferation,
maintenance, and survival. For this reason, it has
long been an attractive candidate as anticancer
drug target, but showed only a minor effect in
HCC @)

In the study of Thomas et al % EGFR level in
HCC was significantly lower than that of
noncancerous liver tissues. They noticed that there
was no obvious correlation between EGFR levels
and other pathologic characteristics, such as
tumor diameter, grade, extracapsular invasion,
and vascular invasion .They concluded that
EGEFR is not a relevant oncogenic factor for HCC.

Although, Zhao et al V) stated that the expression
of EGFR mRNA was 60% in the tumour tissue of
HCC but, without correlation with the diameter of
tumor, the level of serum alpha-fetoprotein (AFP),
the differentiation of tumor and the liver cirrhosis
in the adjacent tissue.

Also, Buckley et al®? found that EGFR was
expressed in 40-70% of HCC and stated that,
EGEFR has relation to the initiation , progression
and the recurrence of HCC. So, EGFR can be
considered as a marker for predicting the
metastasis and recurrence of HCC:

In the present study c-kit was expressed in 70% of
the cases. All the positive cases were of score
(2&1). There was no significant correlation found
between of c-kit expression and histopathological
grading of HCC.

This findings was in accordance with study of
Mansuroqlu et al®3) C-kit expression was detected
immunohistochemically in 70% of HCC with
different degrees of intensity. Moreover, c-kit
expression could also be found in about 90% of
the corresponding peritumoral non cirrhotic as
well as in cirrhotic liver tissues. C-kit mRNA was
detectable in 83% of HCC and in 75% of the
corresponding peritumoral noncirrhotic as well as
in 100% of corresponding peritumoral cirrhotic
samples. On the other hand Becker et al @4 stated
that the overall percentage of positive

immunohistochemical staining of HCC for c-kit
expression was 2.3%.

c-kit was frequently evaluated on larger scale
because targeted therapy using imatinib mesylate
is now widely and successfully used in treatment
of gastrointestinal stromal tumours (GIST).()

CONCLUSIONS

This study showed that, VEGF was over
expressed in HCC studied cases followed by
(HER-2/neu, c-kit) and EGFR which showed low
expression.

e Current data suggested that, (VEGF) plays a
critical role in angiogenesis of HCC. VEGF is an
important molecular target for anti angiogenic
therapy.

¢ (HER-2/neu and c-kit should be -carefully
evaluated on large scale for a possible utility of
trastuzumab and Imatinib mesylate treatment
respectively in HCC patients.

e There would be no benefit of anti EGFR
treatments in patients with HCC.
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