
epidermal growth factor receptor in hepatocellular carcinoma is not 
related to epidermal growth factor receptor gene copy number. 
CONCLUSION: As there is considerable disparity in the literature 
about the relationship of epidermal growth factor receptor expression 
and prognostic features in hepatocellular carcinoma further studies of 
larger series are needed.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a poor prognostical tumor. 
Though it is a leading cause of death, the conventional systemic 
therapy strategies are ineffective and following surgical resection 
highly recur. One of the key molecular pathways is epidermal growth 
factor receptor (EGFR) in HCC development. The EGFR pathways 
plays an essential role in cell proliferation, survival and migration 
and its altered activity has been implicated in the development and 
growth of many tumors including HCC. The overexpression of 
EGFR has been observed in around 40%-70% of conventional HCCs 
and associated with more aggressive liver tumors[1-8]. 
    In recent studies the expression of EGFR in the majority of HCCs 
makes it a promising target of anti-EGFR therapies[9,4,10,11]. Several 
studies have demonstrated positive immunoexpression of cytokeratin 
(CK) 19 in HCC, and CK19-positive HCC has a high metastatic 
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ABSTRACT
AIM: Epidermal growth factor receptor altered activity has been 
implicated in the development and growth of many tumors including 
hepatocellular carcinoma. In our study, we aimed to demonstrate 
and compare the epidermal growth factor receptor gene aberration 
by fluorescence in situ hybridization and immunohistochemical 
method. We also aimed to demonstrate the relation between 
epidermal growth factor receptor and established prognostic 
features, like tumor differentiation, vascular invasion, cytokeratin-19 
immuohistochemical positivity.
METHODS: Twenty-six patients with hepatocellular carcinoma 
without having any metastasis and recurrences clinically at the 
time of tumor resection were recruited in our study. All cases were 
divided into two groups, according to their immunohistochemical 
cytokeratin-19 expression as either cytokeratin-19 positive 
or cy tokera t in-19 negat ive hepatoce l lu lar carc inomas . 
Immunohistochemistry for epidermal growth factor receptor, and 
fluorescence in situ hybridization analyses were performed. The 
clinical and pathologic prognostic features were noted.
RESULTS: We have shown that the immunochemistry expression of 
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stained. HSCORE was calculated using the following equation: 
HSCORE= ∑Pi (i+1), where i is the intensity of labeling with a grade 
of 0, 1, 2 or 3 (weak, moderate, or strong, respectively) and Pi is the 
percentage of labelled cells for each intensity, varying from 0% to 
100%.

In situ hybridization 
Prior to the hybridization process, 5-µm-thick sections obtained 
from paraffin blocks were deparaffinized, mounted on slides and 
subjected to a decreasing, graded alcohol series. An initial procedure 
with 98℃ heat pretreatment and incubation in a citric solution was 
performed. The slides were exposed to pepsin for 10 minutes at 
37℃ and then washed with SSC wash buffer. Then, we exposed 
our slides to an increasing, graded alcohol series and air-dried them. 
Ten microliters of probe (ZytoLight, ZytoVision GmbH, Germany) 
was then added to each slide, and denaturation was performed for 
10 minutes at 75℃, followed by 14 hours of hybridization at 37℃. 
After hybridization was performed, the slides were washed at 37℃ 
with wash buffer. We incubated the slides in 30 µL of DAPI for 
15 minutes for negative staining (ZytoLight, ZytoVision GmbH, 
Germany). After the FISH procedure, the slides were examined on 
an Olympus Bx 50 microscope and photographed with an Olympus 
Dp20 camera. For fluorescence microscope examination of ZyGreen-
labeled probes, an excitation of 503 nm and an emission of 523 nm 
were used, which are similar wavelengths to those used for FITC; for 
ZyOrange-labeled probes, an excitation of 547 and an emission of 
547 nm were used, which are wavelengths similar to those used for 
rhodamine visualization. 

Conditions of Interpretation 
One hundred non-overlapping nuclei were counted by a histologist 
in a double-blind manner. No amplification: 1-5 copies of the gene 
present per nucleus in >50% cancer cells, low amplification: 6-10 
copies of the gene, or a small gene cluster, present per nucleus >50% 
cancer cells, amplification >10 copies, or large clusters, of the gene 
present per nucleus in >50% cancer cells[16,17].

Statistical Analysis
Statistical analyses were performed using the NCSS (Number 
Cruncher Statistical System) 2007&PASS (Power Analyses and 
Sample Size) 2008 Statistical Software (Utah, USA). Groups of 
data were evaluated definitive statistical methods besides compare 
to quantitative datas were used Students t Test and for analysing the 
datas which shown normal range were used Mann Whitney U test. 
When we used Yates Continuity Correction and Fisher’s Exact test 
for qualitative datas. For all studies, values of p<0.01 and p<0.05 
were considered to be significant.

RESULTS
Clinicopathologic Features of HCC Tumors
Total of 26 cases, the mean patient age was 55.43 years for women 
and 58.17 for men and one of our cases (24 men and 2 women) 
had either metastasis or recurrence. There were not any statistically 
differences mean ages and gender among cases (p˃0.05). The cause 
of HCC among the CK19 negative cases were 77.8% hepatitis B 
(n=7), 11.1% hepatitis C (n=1) and 11,1% hepatitis B and C (n=1) 
and among the CK19 positive cases were 12.5% hepatitis B (n=1), 
12.5% hepatitis C (n=1), 12.5% hepatitis B and C (n=3). Additionally 
37.5% cryptogenic (n=3) and 12.5% steatohepatitis (n=1). When 
we compare to tumor diameter between CK19 positive and negative 
tumors, the CK19 positive tumors were larger than CK19 negative 

potential, which is also associated with a poor prognosis[12,13,14]. 
Recent studies indicate that, the activation of the EGF-EGFR 
signaling pathway by inducing CK19 expression, is associated with 
the development of CK19-positive HCC and the EGF-induced 
increase in proliferative abilities and invasive properties of HCC, 
may account for the poor prognosis of the patients[1,2,15]. 
    The aim of this study was to demonstrate compare the epidermal 
growth factor receptor gene aberration by fluorescence in situ 
hybridization and immunohistochemical method and also the relation 
between epidermal growth factor receptor and established prognostic 
features, like tumor differentiation, vascular invasion, cytokeratin-19 
immuohistochemical positivity in HCC.

METHODS
Patients
This study was approved by the Human Ethics Committee at 
Acibadem University School of Medicine (ATADEK). Twenty-six 
patients with hepatocellular carcinoma (HCC) without having any 
metastasis and recurrences clinically at the time of tumor resection 
were recruited in our study. All cases were diveded into two groups, 
one of the group had CK19 positive and the other had CK19 negative 
immunohistochemistry expression. The age, gender, chronic liver 
disease and the size of the tumor were extracted from clinical and 
pathologic in records. 

Histopathologic examination 
Five-micrometer thick sections were cut from paraffin blocks 
and were stained with hematoxyline and eosin (H&E) (Thermo 
Sandonautomatic stainer). The pattern of the tumor, presence of clear 
cell change, steatosis, giant cell formation, tumor necrosis and tumor 
grade were noted. 

Immunohistochemistry
Three-micrometer thick serial sections were cut using a microtome. 
Streptoavidin-biotin method was made for immunohistochemistry 
in full automatic system Ventana Benchmark XT (Arizona, USA). 
Sections were incubated with primary antibody EGFR (clone: 
EGFR.25, Ready to use, Novocastra), CK19 (clone: A53-B/A2.26, 
Ready to use, Neomarkers) for 40 minutes at 24℃. Then sections 
incubated biotinlated secondary antibody (İView DAB Delection 
Kit, Ventana, USA) for 4 minutes and streptoavidin conjugated 
to Horseradishperoxsidase (İView DAB Delection Kit, Ventana, 
USA) for 8 minutes. After incubating Diaminobenzidine (DAB, 
İView DAB Delection Kit, Ventana, USA) for 8 minutes applying 
Copper (İView DAB Delection Kit, Ventana, USA) for mordanting. 
All sections were stained hematoxylin II (Ventana, USA) for 12 
minutes. After washing with tap water, sections were dehydrated 
through a graded ethanol series, cleared in xylene, and mounted with 
embedding agent Consul-Mount (Thermo Scientific, UK). All slides 
were evaluated by conventional light microscopy (Olympus BX51, 
Olympus America Inc., USA). Membranous staining of the EGFR 
was defined as positive. Tumor on the entire slide was assessed, 
and was graded according to both intensity and distribution. EGFR 
expression was classified into four categories: 0-5% positive cells 
were considered grade 0; 5 to 25% positive cells, moderate intensity 
and weakly stained cases more than 50%, graded as 1; more than 25 
% positive cells, moderate staining intensity, and strong staining less 
than 50%, graded as 2; more than 50% having strong staining, graded 
as 3. For negative controls, the primary antibodies were omitted and 
nonimmune serum was used instead. For positive controls, sections 
of suitable tissues (as indicated in manufacturer protocols) were 
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Correlation of immunohistochemistry expression and FISH 
amplification
Although specificity was 73% for EGFR positivity and 27% of them 
were had moderate to severe positivity, we could not find statistically 
corelation between immunohistochemistry expression and gene 
amplification in FISH results (p˃0.05).

DISCUSSION
For the hepatocellular carcinoma if the patient is not fit for the surgery 
we don’t have a good therapy strategie. As a promising target of anti-
EGFR therapies in new therapy strategies are investigating, in recent 
years some selected patients can respond to anti-EGFR therapies 
in tumors[18,19]. It remains unclear whether determination of EGFR 
status by immunohistochemical analysis or FISH has predictive or 
prognostic value in tumors[20,21].
    I n o u r s t u d y w e f o u n d E G F R o v e r e x p r e s s i o n b y 
immunohistochemical analysis in HCCs thus is similar with the other 
studies. As in the literature we could not find any correlation between 
the overexpression of EGFR and the gene amplification in FISH 
analysis.
    EGFR immunohistochemical analysis has been used with varying 
degrees of success to predict response to anti-EGFR therapies[22,23] 

and is more likely to be predictive of response to anti-EGFR 
antibodies. For small-molecule inhibitors of EGFR such as TKIs, 
surface expression may be less relevant than other parameters such 
as gene copy number. It has been suggested that a high EGFR copy 
number shown by FISH (defined as ≥4 copies in ≥40% of tumor 
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tumors (p<0.05). We found a corelation with lenfovascular invasion 
between the groups (p<0.01). When we compared to chronic hepatitis 
etiology, tumor pattern presence of clear cell change, steatosis, giant 
cell formation, tumor necrosis and tumor grade, we did not find any 
statistically differences (p˃0.05) (Table 1).

Immunohistochemical Findings
EGFR immunohistochemistry results were classified weak 
(+1), moderate (+2) and strong (+3). We found grade 1 EGFR 
immunoexpression in twelve cases, 5 cases were grade 2 and 2 
cases were grade 3, 7 cases had no EGFR immunoexpression. 73% 
of the cases had EGFR immunoexpression only 27% of them were 
had moderate to severe expression. We found CK19 expression in 
12 cases and CK19 was negative in 14 cases. When we examined 
CK19-negative cases, in one of cases was grade 3, in twelve of 
cases were grade 2 and in one of cases was grade 1 in EGFR 
immunoexpressions. In four of cases were grade 3, in eight of cases 
grade 2 in EGFR immunoexpression among CK19-positive cases. 
We could not find any statistically differences between all cases 
(p˃0.05) (Figure 1).  

Fluorescence In Situ Hybridization
FISH was performed in all 26 cases (Table 1). One hundred non-
overlapping nuclei were counted in every cases. We found 1-5 copies 
of the gene present per nucleus in >50% cancer cells in all cases. 
FISH results showed that, no statistically significant amplification 
between CK19 positive and negative cases (p˃0.05) (Figure 2).

Table 1 Clinicopathologic Features of HCC Tumors.
Case FISH EGFR Age/ Ck19 Patern Clear Giant Necrosis Steatosis Histo. grade Nucleer Lenfovas. invasion Diameter

Amp. Exp. Gender cell Cell grade
1 -  +1 51/F - T yes yes no no 3 3 no 1
2 -  +1 41/M - M yes yes focal no 3 2 yes 2
3 -  +1 56/M - T yes yes yes no 3 3 yes 1
4 -  0 60/M - T no yes no no 2 3 no 1
5 -  +1 57/M - M+T yes yes yes no 3 2 yes 3

6 -  +1 62/F -
P+T

yes no no focal 2 2 no 0

7 -  0 58/M - T no yes focal focal 2 3 no 0

8 -  +2 54/M
- P+T

no no no no 2 2 no 0

9 -  +2 50/M -
P+T

no no no no 2 1 no 0

10 -  0 62/M -
P+T

yes no no focal 1 2 no 1

11 -  +1 54/M - A no yes yes no 3 yes 3
12 -  +2 50/M - A no no no no 2 no 2
13 -  +1 56/M - T no no no no 2 no 3
14 -  +1 65/M - T yes yes yes yes 3 yes 3
15 -  +2 65/M + P+M yes yes yes yes 2 3 yes 3
16 -  +3 65/M + M+T yes yes yes focal 3 2 yes 3

17 -  +1 55/F +
P+T

yes yes yes no 3 3 yes 3

18 -  +0 48/M +
P+T

no no yes no 2 3 yes 3

19 -  +2 65/M +
P+T

no yes yes no 3 2 yes 3

20 -  0 56/M + P yes yes no no 2 3 yes 3
21 -  +1 38/F + T no no no no 3 3 yes 1
22 -  0 49/M + T no no no no 2 no 3
23 -  +1 74/M + T yes yes yes yes 2 yes 3
24 -  0 68/M + A no no no no 3 yes 1
25 -  +3 68/M + A no no no no 3 yes 1
26 -  +1 47/M + A no yes yes no 3 yes 3
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Figure 1 Immunohistochemical analysis for epidermal growth factor receptor showing strong membrane expression (a), moderate membrane expression (b), 
mild expression (c) in hepatocellular carcinoma (×40).

Figure 2 Fluorescence in situ hybridization using probes directed against the epidermal growth factor receptor (EGFR) gene (green) and centromere of 
chromosome 7 (red) (×1000).

cells) is a good selection criterion for gefitinib therapy. Although 
recent studies that were demonstrated that the strong expression 
of EGFR in the majority of HCCs suggested its important role in 
hepatocarcinogenesis, there is considerable disparity in the literature 
about the relationship of EGFR expression and clinicopathologic 
features in HCC. 
    In our study we tried to find out both the correlation between 
the immunohistochemical EGFR expression and EGFR gene copy 
number and prognostic role of EGFR in HCC. We could not find any 
relation between EGFR expression and EGFR gene copy number in 
HCC. Normal copy numbers of the EGFR gene identified by FISH 
were observed in 50% of HCCs with positive EGFR expression by 
immunohistochemical analysis, whereas 36% of HCCs that were 
immunohistochemically negative for EGFR had increased EGFR 
gene copy numbers. On the other hand, 57% of tumors with a normal 
EGFR gene copy number showed EGFR overexpression.
    In the literature in some of the studies[6,24-27] were found the 
relationship of EGFR expression and clinicopathologic features in 
HCC, however other studies as in our study, have failed to demonstrate 
a correlation between EGFR expression and differentiation[24], vascular 
or extrahepatic invasion[6,27], metastasis[6,27] and survival[8]. A positive 
correlation has been reported with hepatitis B viral infection[28], but 
our study did not show any relationship of EGFR expression with 
hepatitis B or C. These differences are likely be related to differences 
in assays used to determine EGFR status and/or variability in the 
populations studied. The high frequency of EGFR overexpression 
suggests that it has an important role in hepatocarcinogenesis, but lack 
of consistent correlation with clinicopathologic features and survival 
may indicate that it is less important in disease progression. Similar to 
EGFR expression, an increased EGFR copy number shown by FISH 
also did not correlate with clinicopathologic features and survival.
    Although HCC remains a promising target for anti-EGFR therapies, 
selection criterias are unclear. Several studies have demonstrated 

that the positive immunoexpression of cytokeratin (CK) 19 in HCC, 
and CK19-positive HCC has a high metastatic potential, which is 
associated with a poor prognosis. Recent studies indicate that the 
activation of the EGF-EGFR signaling pathway is associated with the 
development of CK19-positive HCC, and the EGF-induced increase 
in growth abilities of HCC may account for the poor prognosis of 
the patients[29]. In our study although there was correlation between 
tumor differentiation and vascular invasion; we could not find any 
association between EGFR expression and immunohistochemical 
CK19 positivity. 
    Despite some of the studies in our study we could not demonstrate 
any correlation between the EGFR overexpression shown by 
immunohistochemical analysis or an increase in copy number 
demonstrated by FISH. Although the strong expression of EGFR in 
HCCs makes it a promising target of anti-EGFR therapies, further 
studies are necessary to demonstrate the role of EGFR overexpression 
in HCC and in selecting patients for treatment[3].
    EGFR overexpression is present in a majority of hepatocellular 
carcinomas, suggesting a role for EGFR antagonists in therapy. The 
increased expression does not correlate with an increase in the EGFR 
gene copy number. However, the nuances, compared with the other 
studies suggested that, the EGFR may also pose a role of the HCC 
progression. As there is a considerable disparity in the literature about 
the relationship of EGFR expression and prognostic features in HCC 
further studies of larger series are needed.
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