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Abstract

Background: Although Epidermal Growth Factor
Receptor (EGFR) over expression is a frequent event in
colon adenocarcinoma (CA), identification of EGFR gene
deregulation mechanisms - combined to k-ras mutations
- remains the basic criterion for rational application of anti-
EGFR targeted therapeutic strategies. Aim: To detect EGFR
gene numerical alterations in CA based on a combination
of intra-operative imprints and the corresponding tissue
microarrays. Methods: 60 paraffin embedded primary
CAs were cored at 1.5 mm diameter and transferred to the
final microarray block. Chromogenic in situ hybridization
(CISH) was performed using EGFR gene and chromosome
7 centromeric probes in the tissue microarray and also in
the corresponding intra-operative imprints. Results: CISH
analysis detected 4/60 (6.6%) EGFR gene amplified cases,
whereas chromosome 7 aneuploidy was identified in 11/60
(18.3%) cases. Significant association was established by
correlating stage to chromosome 7 (p=0.024). A high value
of concordance (kappa=1) was observed comparing overall
gene status based on the tissue cores and the corresponding
imprints, whereas EGFR/CEN 7 copies were more numerous
in imprints than in tissue microarrays (p=0.03). Conclusions:
Intra-operative imprint cytology provides accurate and fast
results in detecting EGFR gene/chromosome 7 centromeric
signals by CISH due to the nuclear integrity and monolayer
formation of the examined cells. Based on this molecular
analysis, gastroenterologists and oncologists can handle
those patients in a rational way regarding targeted therapies.
Furthermore, chromosome 7 aneuploidy is associated with
a more advanced stage in CA.
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Introduction

The epidermal growth factor receptor (EGFR) gene is
located on chromosome 7 (7p12) and its product is a 170
kDa protein, comprising three major functional domains:
an extracellular ligand-binding srtucture, a hydrophobic
transmembrane bridge and a cytoplasmic tyrosine-kinase
chain sequence [1]. EGF or TGF-a act as ligands, bind to the
extracellular domain of the receptor and trigger a cataract
of reactions. Dimerization and phosphorylation of the
intracellular part and finally signal transduction to nucleus is
mediated by the involvement of RAS/RAF/MAPK proteins
predominantly and via an alternative pathway (PI3/AKT/
mTOR) [2, 3].

EGFR protein overexpression is observed in a broad
range (25-80%) in colon adenocarcinoma (CA). Some studies
have shown a correlation with advanced disease (resistance
to chemotherapy and poor prognosis/advanced stage) [4,5].
Novel targeted therapeutic anti-EGFR strategies (monoclonal
antibodies and specific tyrosine-kinase inhibitors) have
been developed and approved for patients with CA, as a
combination with conventional chemotherapeutic agents or
as monotherapy [6-8]. Different EGFR gene deregulation
mechanisms, including amplification and specific point
mutations at exons 18-21 have been detected in patients with
CA. Published data show that there is an association between
them and the prognosis of the corresponding patients [9, 10].
According to the relevant literature, the majority of EGFR
gene and also m-RNA aberrations have been identified in
cancerous colon tissue paraffin embedded specimen or frozen
sections and blood samples but not in imprints [11-13].

In the current study, we analyzed EGFR at the DNA level
using a chromogenic in situ hybridization (CISH) assay in
order to compare the results derived from imprint cytology
and tissue microarray cores, respectively.
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Methods

We used for the purposes of our study, 60 formalin fixed
and paraffin embedded tissue samples of histologically
confirmed CAs obtained by surgical resection (local or
distant colectomies) between 2005 and 2007 and also
multiple archival corresponding intra-operative imprints
obtained during the surgical procedure. The Department
of Pathology (417 VA Hospital-NIMTS, Athens, Greece)
and the local ethical committee gave permission to use
those tissues for research purposes. Oral informed consent
was obtained from each patient and the study protocol
conforms to the ethical guidelines of the World Medical
Association Declaration of Helsinki — Ethical Principles
for Medical Research Involving Human Subjects as revised
in Tokyo 2004. Ten microscopically normal appearing
colon epithelia samples were used as a control group for
the analysis. All corresponding Hematoxylin and Eosin
(H&E)-stained slides were reviewed by two pathologists
for confirmation of diagnosis and classification according to
the World Health Organization (WHO) grading criteria for
CA. Staging was assessed using the TNM staging system.
TMA construction

Areas of interest were identified in H&E stained slides
by a conventional microscope (Olympus BX-50, Melville,
NY, USA). Selection of those areas was made on the basis
of tumor sufficiency avoiding sites of necrosis or bleeding.
Using ATA-100 apparatus (Chemicon International,
Temecula, CA, USA), all of the source blocks were cored
two times (in order to secure the presence of each case in the
final blocks) and 1.5-mm diameter tissue cylindrical cores
were transferred from each conventional donor block to
the recipient blocks. After 3 mm microtome sectioning and
H&E staining the final constructed TMA blocks contained
58/60 (96.6%) and 54/60 (90%) cores of tissue cylindrical
specimens. We observed microscopically that all examined
cases were represented by at least one or two tissue spots
(confirmation of the adequacy of the examined specimens)
(Fig. 1b).

Chromogenic in situ hybridization (CISH)

EGFR gene status was determined by using the ready to
use SPOT LIGHT EGFR DNA Probe (Zymed/InVitrogen,
San Fransisco, USA). This digoxygenin-labeled probe is
located on 7pl12 and covers the entire EGFR gene area.
Similarly, chromosome 7 status was determined by the
ready to use biotin-labeled chromosome 7 centromeric probe
(Zymed/InVitrogen, San Fransisco, USA) recognizing the
specific repetitive centromeric DNA sequences known as
a-satellite DNA.

Concerning the tissue sections, two slides were incubated
at 37°C overnight followed by 2 h incubation at 60°C and then
deparaffinized in xylene two times, 5 min each and in ethanol
three times, 3 min each. Twenty microliters of those probes
were applied to each of the TMA sections. EGFR and also
chr 7 probe was visualized by 3-3 diaminobenzidine (DAB)
development (CISH Polymer Detection Kit, Zymed). TMA
sections were lightly counterstained with hematoxylin and

dehydrated in graded ethanol. At the end of the process, CISH
centromere signals or gene copies were easily visualized as
dark brown/blue scattered or in small clusters dots, using a
conventional, bright-field microscope.

Concerning the imprint specimens, a modified assay
was performed for pre-treatment (immersion of the air
dried slides in 2x SSC at 370 for 60 min, in SpotLight Cell
Pretreatment Reagent for 5 min at 370) whereas denaturation
and hybridization steps were equally to tissue management.
The whole procedure regarding cytological samples should
be performed exactly according to the CISH instructions,
because excessive enzyme digestion and up-regulated
temperature will cause loss of nuclei and chromosome
structure while inadequate digestion may result in loss of
the corresponding signals.

Interpretation of EGFR gene and chromosome 7
centromere signal results was based on Zymed’s/Invitrogen
Evaluation Guidelines for CISH. According to this guide,
two gene copies per nucleus demonstrate normal EGFR
gene pattern, whereas 3—10 or small clusters characterize
polysomy or a low-level gene amplification. In this
case, chromosome 7 status must be evaluated to exclude
aneuploidy (3-5 centromeric signals per nucleus; diploid
pattern demonstrates normal chromosome status). High gene
amplification level is characterized by the presence of more
than 10 gene copies or large clusters of them per nucleus in
more than 50% of the examined cells, whereas the presence
of a smaller number of EGFR copies than chromosome 7
centromeric signals is considered to be evidence of gene loss
due to deletion/mutation or other mechanisms (Fig.1a, b).

Statistical analysis

Associations between variables including gene
and chromosome 7 alterations (binary variables) and
clinicopathological parameters were performed by the
application of STATA 8.0 statistical software (Stata
Corporation, College Station, TX, USA). The Chi-square
test was appropriately performed and also Kappa analysis
for the evaluation of concordance between tissue and imprint
specimens. Total CISH results and p values are described
in Tables I, II.

Results

Clinicopathological data are presented in Table I. CISH
results (Tables I, IT) were successfully obtained from all
examined cases based on tissue cores and imprints. In the
majority of them (n=46), EGFR gene was observed to
be normal (2 gene copies per nucleus in imprints, 1-2 in
tissue cores), whereas the rest of the analyzed cases (n=14)
demonstrated numerical alterations. In 13 of them, 3 to 10
gene copies per nucleus were identified (3 to 8 in tissue
cores, 3 to 10 in imprints), whereas in the last case, clusters
(accumulations of gene copies) were detected in both tissue
core and imprint, evidence of high gene amplification.
Chromosome 7 instability (aneuploidy, observed as 3—5 dots
per nucleus both in tissue cores and imprints) was detected in
11/60 (34.2%) cases, whereas the rest of them (49/60-63.8%)
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Table I. Clinicopathological data and CISH molecular analysis results

n=60 EGFR gene p Chr7 p
Non Amplified Amplified Normal Aneuploidy
(n=56) (n=4) (n=49) (n=11)
Gender NS NS
Female (n=32) 96.9% 3.1% 84.4% 15.6%
Male (n=28) 89.3% 10.7% 78.6% 21.4%
Age 71.1£11.0 67.8+7.1 NS 70.5£10.8 72.8+11.1 NS
Tumor diameter NS NS
0-3 cm (n=15) 86.7% 13.3% 73.3% 26.7%
4-6 cm (n=30) 96.7% 3.3% 86.7% 13.3%
>7 cm (n=15) 93.3% 6.7% 80.0% 20.0%
Grade NS NS
I (n=22) 95.01% 4.09% 87.5% 12.5%
II (n=31) 78.1% 21.9% 84.6% 15.4%
I (n=7) 56.8% 43.2% 69.2% 30.8%
Location NS NS
Other than rectum- 87.5% 12.5% 87.5% 12.5%
sigmoid (n=24)
Rectum-sigmoid 97.2% 2.8% 77.8% 22.2%
(n=36)
TNM stage NS 0.024¢
I (n=8) 87.5% 12.5% 100.0% 0.0%
I (n=26) 92.3% 7.7% 88.5% 11.5%
HI/IV (n=26) 96.2% 3.8% 69.2% 30.8%

C: p-value derived from chi-square test for trend

Table II. Comparative Imprint vs Tissue core CISH molecular
analysis

CISH Signals EGEFR gene copies p
n=60 cases Normal Abnormal 0.03¢
(n=46) (n=14)
Imprints
1 0
2 46
3-7 (scattered signals) 10
8-10 (scattered signals) 3
>10 (clusters) 1
Tissue cores
1-2% 19
2% 27
3-7 (scattered signals) 12

1
1

8-10 (scattered signals)

>10 (clusters)

Normal: (1-2 gene signals per nucleus);*1-2 (mean =>1.5); 2 (mean
~2); Abnormal: (3-10 gene signals per nucleus); C: p-value derived
from chi-square test for trend between sums of EGFR gene signals
((imprint analysis vs tissue core analysis); Kappa = 1 ( overall normal
& abnormal imprint analysis vs tissue core analysis)

demonstrated a normal, diploid pattern (2 centromeric copies
per nucleus in imprints, 1-2 in tissue cores). Correlating

EGFR gene copies to chromosome 7 centromeric signals in
the 13 cases that demonstrated 3-10 gene copies per nucleus,
we observed that 10 of them were characterized by polysomy.
The rest of them (n=3) were purely amplified. Significant
statistical correlation was observed only by associating
chromosome 7 instability to stage (p=0.024), whereas we did
not observe a statistical significance, correlating EGFR gene
status with the examined clinicopathological parameters.

Comparing the overall number (sum) of signals in
the tissue cores and the corresponding intra-operative
imprints we identified a significant difference. They were
more prominent and numerous in intra-operative imprints
(p=0.03). Kappa analysis based on an overall imprint vs
tissue core evaluation of EGFR signals showed an absolute
correlation (kappa=1) regarding the gross categories
(normal, aneuploidy, gene amplification). Concerning this
categorization, analysis of the overall identified signals
showed that the proposed cut-offs for low amplification is 5
and 5.8 copies per nucleus for imprints and tissue cores in the
cases of normal chromosome status (diploidy), respectively.
Furthermore, high gene amplification is correlated with 8.8
and 9.5 signals per nucleus, whereas 5 and also 4.5 copies per
nucleus are necessary for true polysomy in both of them. In
cases that demonstrate 3 or 4 gene/chr 7 centromeric copies,
a mitotic process cannot be excluded.
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case of high gene amplification based on intra-operative imprint specimen. Note scattered or
almost equally accumulated gene copies in small to large clusters (red arrow). Chromosome 7
tetraploidy is clearly demonstrated in a case of CA (4 centromeric signals per nucleus, yellow
arrow), whereas normal EGFR status (2 predominantly copies per nucleus) is observed in another
cancerous cell sub-population (basic figure) (b). The same case of gene amplification based on
a tissue microarray core demonstrates predominantly small to large clusters of gene copies and
not scattered signals (black arrow). Another low gene amplification case based on tissue analysis
demonstrating 5 to 10 scattered signals (red arrow). A tissue microarray core stained by H&E
(inside up left) and also a tissue core stained by CISH (inside up right). Original magnification
of specimens (40x), of tissue microarray cores 10x.

Discussion

Identification of specific gene deregulation mechanisms
in growth factor receptors, including EGFR and HER2/
neu, affects the management of patients with colon cancer
and breast cancer, respectively [14, 15]. Interestingly, a
significant number of studies based on tissue or alternatively
on imprint/fine needle aspiration (FNA) samples have shown
that EGFR/HER2 gene amplification is correlated with
aggressive phenotypes in those cancers [16, 17]. Although
evaluation of EGFR protein expression levels based on
immunocyto-histochemistry techniques is a well established
and frequently applied method in the majority of cyto-
pathology departments, there is an increasing scepticism
regarding the reliability of the extracted results as a basis for
arational targeted therapeutic strategy. Differences regarding
the applied antibodies including a variety of clones and
also assays combined with modifications in the evaluation
guidelines and the lack of an independently acceptable
interpretation protocol increase the level of subjectivity under
the conventional bright-field microscopy [18]. In contrast to
this, DNA analysis via in situ hybridization methods provides
an accurate method for evaluating gene and/or chromosome
numerical imbalances. Several studies have shown high

levels of concordance regarding conventional fluorescence
in situ hybridization (FISH) and CISH (90-98%) analyzing
EGFR and HER2/neu gene copies [19-21].

In the current study we performed a CISH assay in
order to detect EGFR gene /chromosome 7 numerical
aberrations in CA imprint and tissue core samples. This
technique demonstrates several advantages in modern
cytopathology. The method is based on an IHC-reaction,
the gene/chromosome copies are visualized under bright-
field microscopes with conventional chromogens, such
as DAB and the fixed slides can be permanently stored
equally to THC stained slides. According to our analysis,
EGFR gene numerical alterations (gene amplification) were
detected only in a small group of the examined cases in both
tissue microarray cores and the corresponding cytological
imprints. Different patterns of accumulated gene copies were
observed including predominantly isolated, scattered signals
and also small to moderate clusters of them in the central
area of the nucleus. Especially, intra-operative imprint
specimens demonstrated a higher well preserved number
of gene and centromeric signals in comparison with the
related tissue microarray sections. Using this methodology,
we observed a better discrimination regarding the absolute
number of isolated gene copies than in tissue cores. A
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similar study based on CISH analysis in breast cancer
fine needle aspiration specimens detected heterogeneity in
EGFR gene copies [22]. From the technical point of view,
this difference can be easily explained because cytological
samples secure nuclear integrity in contrast to tissue sections
of paraffin embedded histological specimens. In the last
of them, only a nuclear part depended on the thickness of
microtome sectioning is well visualized. Furthermore, intra-
operative imprints and scrapings demonstrate a significant
number of isolated nuclei or nuclei in monolayer formation
that represent an eligible substrate for FISH and CISH
analysis. Concerning those methods, the identification and
calculation of all stained gene/chromosome centromeric
signals in order to establish the exact genetic event (gene
amplification/deletion, chromosome aneuploidy) is of great
importance. A recently published study analyzed EGFR gene
numerical aberrations by FISH and CISH in specimens with
histologically confirmed non-small cell lung carcinoma [23].
They concluded that both methods detect successfully the
corresponding numerical imbalances. They also proposed
cut-off points for CISH evaluation. Although CISH
evaluation is based on a different philosophy compared to
FISH analysis, this is an important progress. In our study we
observed that there are different cut-offs evaluating the same
alterations via CISH in imprints and also in the corresponding
tissue cores. We showed that gene amplification levels (low
or high) correlate with different means of gene copies per
nucleus. In contrast to this observation, true polysomy
demands 4.5 centromeric signals per nucleus in both of
those substrates.

During the analysis of EGFR gen/chr 7 alterations,
we observed that chromosome 7 instability is a relatively
frequent genetic abnormality in CA correlated to advanced
disease (increased stage). Further chromosome imbalances
have been already detected in CA tissue specimens [24, 25].
Concerning CA, EGFR gene amplification appears to be an
important genetic event and a basis for a rational targeted
therapeutic approach. Patients that demonstrate this specific
gene deregulation mechanism earn survival benefits and high
response rates to monoclonal antibody inhibition (cetuximab,
panitumumab), especially in the absence of k-ras mutations
[26-28]. Recently, a study group showed that although the
addition of cetuximab demonstrated a maximum inhibition
of approximately 30% in cancerous colon cell lines, it was
correlated with the amount of protein expression and gene
copy number of EGFR [29]. In contrast to this positive
correlation, another study concluded that neither EGFR
protein/mRNA expression nor gene copy number correlated
with cetuximab response, but only PIK3/PTEN/ras/BRAF
downstream pathway deregulation [30]. Concerning the
prognostic value of EGFR alterations in patients with
CA, a study group validated the EGFR status by applying
immunohistochemistry, FISH and PCR [31]. They observed
significant differences with the results at the DNA, RNA and
protein level. They also suggested that the predictive value
of a combination of methods requires further evaluation in
the clinical setting. Our research team has already analyzed

successfully using CISH, EGFR gene numerical imbalances
in hepatocellular and also pancreatic adenocarcinoma and
identified a sub set of patients with specific imbalances
(amplification-absence of one allele due to deletion or gene
silence) [32,33].

Conclusion

Intra-operative imprints represent a perfect substrate for
reliable in situ hybridization analyses. This methodology
provides accurate and fast genetic data regarding the molecular
profile of the patient (EGFR gene numerical aberrations /
chr 7 aneuploidy). Based on them, gastroenterologists and
oncologists can handle their patients in a rational way via
targeted therapeutic regimens.
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