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1 ABSTRACT

Breast carcinoma ranks as first malignancy affecting females, contributing 33% of all female
cancers. The C-erbB-2 is a class of oncogenes prevalent in breast cancer that play a role in cancer
development. This research was performed to assess HER-2/neu oncogene amplification by semi-
quantitative PCR technology, and HER-2/neu expression using immunohistochemical (IHC)
staining. Electron microscopy made a contribution to the final diagnosis in the only case of invasive
duct carcinoma. HER-2/neu gene amplification positive by PCR was detected in 40% of invasive
duct breast cancer and showed a significant correlation between HER-2/neu gene amplification by
PCR and HER-2/neu gene expression by IHC. Breast tumor specimens from 20 patients invasive
duct carcinoma were studied; 10 without radiotherapy treatment and 10 after radiotherapy
treatment. The study revealed a significant increase in chromosomal breaks and chromosomal
rearrangements in breast cancer patients. There are also increases in chromosomal aberrations in
patients received radiotherapy compared with patients not received radiotherapy. Cytogenetic
study could be used as a prognostic factor in some breast cancer cases.

Keywords: Breast cancer, HER-2/neu gene, chromosomal aberrations, radiotherapy.

provided special information of practical
diagnostic value in selected instances
(Mackay, 1999). Immunohistochemistry (IHC)
techniques are widely used in diagnostic
histopathology to help re-differentiate the light
microscopically undifferentiated tumors. HER-

| INTRODUCTION |

reast cancer is ranking number one
B after urinary bladder tumors and
malignant lymphomas in Egypt. Breast
carcinoma constitutes 33% of all female’s

cancers (El-Bolkainy et al., 2005). Over the
past two decades, electron microscopy (EM)
has been extensively used in the diagnostic
biologic behavior of human neoplasms. Both
transmission and scanning studies have led to
a more basic understanding of the structure-
function relationships in tumors. Furthermore,
EM studies have provided a much better
appreciation of the light microscopic images
that form the basis of diagnostic pathology.
Moreover, ultrastructural  studies  have

2/neu amplification or over expression is an
important independent prognostic indicator in
breast carcinoma, identifying a subset of
patients with poor prognosis. Also, patients
with C-erbB-2 positive metastasis lesions
appear to have more aggressive. clinical
course, which can be detected by polymerase
chain reaction (PCR) technique (Kim et al.,
2002). Radiations that penetrate tissues are of
two types: (a) ionizing radiations such as
neutrons, alpha particles, electrons, X-rays,
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gamma rays; (b) non ionizing radiations of low
frequency waves such as UV light (Perez et
al., 2004).

The aim of this investigation was to
study histopathologic and ultrastructural
parameters using light and electron
microscopy in normal, benign, and malignant
breast cancer cases. Immunohistochemical
analysis of HER-2/ neu gene status was
assessed and confirmed by amplification using

semi-quantitative PCR technique. Correlation -

with all previously assessed factors was
considered. Chromosomal aberrations caused
by radiation therapy were also studied using
Giemsa staining.

[ MATERIALS AND METHODS __ |

Patients :

The present study was performed on 45
diagnosed female breast cancer patients visited
the Surgical Department, National Cancer
Institute(NCI), Cairo University, during the
period from 2002 to 2004. Their ages ranged
from 27 to 65 years. The tumor tissues were
fixed in 10% neutral bufferedformalin (18 to
24 hr), and processed for histological,
immunohistological analyses and DNA
extraction. The fresh tumor tissues were
divided into fragments for analysis of
chromosomal aberrations. Patients were
randomly allocated to one of the following
groups: (a) ten patients with breast cancer
were y- irradiated using conventional
fractionation (200Gy/6MV), and (b)-ten
patients received no irradiation.

Histological diagnosis

For histological diagnosis, tissues were
fixed in 4% phosphate-buffered formalin and
routinely processed to wax. Paraffin sections
(5 um) were stained with heamatoxilene and
eosin and examined with the microscope. For
electron microscopy examination, paraffin

embedded tissues (small pieces of tissue about
1 mm) were fixed in 2.5% phosphate-buffered
glutaraldehyde for 4 hr at 4°C. The tissues
were subsequently osmicated, dehydrated and
embedded in resin. Ultra thin sections having a
thickness of 70-80 nm were counterstained
with lead citrate and uranyl acetate before
being examined by transmission electron
microscope (Bancroft and Gamble, 2002).

Immunostaining

The over expression of HER-2/neu
protein was examined immunohistochemically
using autostainer machines. HER-2/neu was
categorized into negative showing membrane
staining (<10% of the tumor cells), and
positive showing staining of* the entire
membrane (> 10 % of the tumor cells)
(Boenisch et al., 2001).

DNA extraction and PCR analysis

DNA extraction from paraffin sections
was carried out according to Coombs et al.
(1999). Gene copy determination using
polymerase chain reaction (PCR) was
followed (Lonn et al., 1995). A 100 ul PCR
was prepared containing 10 ul of 10x buffer,
200 mM of dNTPs , 1 mM of each primer
(erbB2/thymidine kinase), 6 ul 25 mM
MgCt2, 5 u1 Tagq DNA polymerase (2.5u ).
Then, the volume of 100 xl mix is added to
each sample (1ug) DNA. Finally, the samples
were loaded in the thermal cycler blocks.
Primers (25-mers) were obtained from Gibco
BRL, USA. Two primers were used to amplify
part of the erbB2 and thymidine kinase as
shown (Table 1). PCR was performed in the
thermal cycler, Roobycycler gradient 96
Stratagene. Initially, samples were heated for 5
min at 94 °C for denaturation, and then cycled
20 times at 94°C for 1 min, 56 °C for 2 min,
and 72 °C for 3 min, followed by a final
extension cycle at 72 °C for 5 min.
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Table (1): Primers used to amplify HER-2/neu gene.

Primer name Nucleotide sequence Expected size (bp)
erbB2-P1 5 -CACCTGTGAGGCTTCGAAGCTGCAG-3 217
erbB2-p2 5" -GGATATCCAGGAGGTGCAGGGCTAC-3"

TK-P! 5 -CTCTGGGAACAACTCTGGGATGAGG-3" 136 '

TK-P2 5 -ACTCAGGTGGTCCCAGGAAGTGTGG-3

(Lénn et al., 1995).

Assessment of
amplification

DNA was extracted from formalin fixed
paraffin embedded tissues; from normal
patients (negative control); from two cases of
advanced breast  cancer . (positive).
Semiquantitation of HER-2/neu gene by co-
amplification of HER-2/neu gene and
thymidine kinase as a conirol gene was
assessed. Gel was analyzed by a
documentation system, using - phoenix 1D
software V5.1 to measure the density of each
amphﬁed fragment.

HER-2/neu gene

Cytogenetic study :

The tumor tissue was cultured in
complete culture medium (RPMI, Gibco),
under complete aseptic conditions. To each
culture tube, 0.02 ml of colcemid 13 RC added
sfube incubated overnight ; ‘Their, the
hypotonic solution (KCl) and freshly prepared
fixative (3 parts methanol and one part glacial
acetic acid) were added. Then, for each tube, a
few drops of the suspension were allowed to
fall on a clean cold slide. For routine screening
of metaphases, slides were stained with
conventional Giemsa for 3 min, then
transferred to tap water for' washing. Using the
oil immersion objective, chromosomal
aberrations were scored and metaphase
spreads were photographed (Barch et al,
1997).

[ RESULTS AND DISCUSSION |

.Histology/electron microscopy

Light microscope was used to study the
cases of malignant breast lesions, from invasive
ductal carcinoma of the breast by hematoxelin
and eosin stain (Fig. la). Malignant cells and
high level of mitotic division were observed.
Ultrasructural examination of the neoplastic
cells showed mucous secretory granules and
exhibited a prominent golgi rough endoplasmic
reticulum and intercellular lumina with junctions
(Fig.1b).
Immunohistochemistry and  molecular
analysis
7 A total of 45 patients were examined for
the presence of the HER-2/neu gene in breast
tissues cases by PCR analysis. An amplified

- fragment of 217 bp was detected by PCR in 18

cases that represent 40% of all the studied
cases (Fig. 2a and  Table. 2).
Immunohistochemistry assay was performed
to confirm the expression of HER-2/neu gene
in the tissues of the 18 PCR positive cases.
The expression of the HER-2/neu gene was
detected in 16 cases that represent 97% of the
PCR positive cases. (Fig. 2b and Table. 2).
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Table (2): Correlation between HER-2/neu amplified by PCR and diagnosed by immunoh-
istochemistry.

TR, cxpreaiion by HER-2/neu Amplification (PCR)

HC P- value
+ve -ve
No. cases (18) % No. cases (27) %
Tve 16 93 0 0 <0.001
-ve 2 3 27 100

¥ o . A |

AR DAY R

Fig. (1):Histology study. (a) A case of IDC by hematoxelin and eosin stain (X 400) showing
mitosis, and (b) Ultra structure of (IDC) (x17000) showing microvilli.

Fig. (2): Detection of HER-2/neu gene and its expression in IDC. (a) Electrophoresis separation
of HER-2/neu gene (217 bp) and control gene thymidine kinase (136 bp) PCR amplified
Jfragments on 2% agarose gel. Lanes 1, 3, 5&6: IDC positive and lanes 2 and 4 negative
Jor HER-2/neu gene amplification. Lane 7: 100 bp molecular weight DNA standard and
(b) IDC showing strong expressing membranous reaction of HER-2/neu (X400).

Cytogenetic study rearrangements and numerical aberration were

The results of chromosomal aberrations completely absent (Fig. 3b). In the group of
are shown in Table (3). In the control group, benign tumors, the frequency of chromosomal
the chromosomal breaks are very rare, whereas breaks is twice those of the control group (Fig.
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3a). In the same direction, the chromosomal
rearrangements (including dicentric and ring
forms) were non significant, while numerical
aberrations are completely absent. In the
present study, a significant increase in
numerical aberrations was detected, chrom-
osomal breaks and chromosomal

rearrangements were observed in cancer
patients with and without gamma irradiation
treatment (Fig. 3¢ & 3d). Moreover, this
significant increase was very obvious in cancer
patients with y-irradiation compared with
cancer patients without y—irradiation.

Table (3): Numerical and structural aberration frequencies in tissues of control, benign, and
cancer patients with and without gamma ir radiation.

No, . Types of aberration
Sronp patients Numer.rcai Chromosomal Chromosomal
aberrations
breaks rearrangements
Control 10 0.0 0.4+0.16 _ 0.0
Benign patients 10 0.0 0.8+0.24 0.2+0.17
Malignant without vy irradiation 10 1.0 £0.36% 3.0 £0.62* 2.2*+0.50
Malignant with vy irradiation 10 1.240.42% 6+].40% 40%+09

* Significantly different from control pP<0.05

Fig.(3): Cytogenetic study of IDC. (a) Control feml metaphase; (b) metaphase of bem’gﬁ.
patients; (c) metaphase of malignant patients without y-irradiation, and (d) metaphase
in cells of y-irradiated patients.
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Breast cancer is a clinically and patholo-
gically heterogonous disease. There have been
growing interest in the use of biological
markers in the diagnosis of breast cancer.
Many researches have focused on the
identification of functional markers that play a
causative role’ in the development and
progression of breast cancer. C-erbB-2 (HER
2/ neu), is a class of oncogenes playing an
important role in breast cancer development
and differentiation. The average age of female
patients reported in this study was 49.6 years.

Invasive duct carcinoma cases with these
cell types can usually be detected by both light
and electron microscopy. Ultra structural
techniques have been widely applied to
~different human neoplasmas, but only a few
reports have been pliblished on tumors (Akhtar
et al., 2001). In the present study, malignant
breast tissues invasive duct carcinoma by
hematoxelin and eosin stain showed groups
and clusters of malignant ductal cells, of
highly anaplasia and mitosis. Ultra
structurally, invasive duct carcinoma is
characterized by epithelial cells with surface
microvilli, cytoplasm filamentous structures
with intracytoplasmic lumina and mucous
secretory granules. Myoepithelial cells are
absent, and cells are invading the surrounding
stroma, through gaps in the basal lamina. This
was in agreement with Hadjisavvas et al.
(2002). ‘ ‘

HER-2neu gene amplified by PCR and
IHC was not expressed at all in the control
cases, while HER-2/neu amplified by PCR was
expressed in 40% and its expression was
positive in 36% in breast cancer patients.
Similar findings were reported by Borg et al.,
(2002). In the present study using semiqun-
titative PCR, the HER-2/neu  gene
amplification was detected in 40% of paraffin
embedded IDC breast cancer patients. In
concordance with these results, Slamon et al.

"(centri

(2001) reported a prevalence rate for HER-
2/neu of 30%. Both authors used differential
semiquantitative PCR methodology. In the
present study, C-erbB-2 gene was detected by
PCR amplification and immunohistochemical
techniques. Both techniques showed almost
the same sensitivity. All the immunohis-
tochemical positive tumors for C-erbB-2 gene
gave a heavy band by PCR, except two
negative cases by IHC, which showed positive
bands by PCR. This could. be due to the low
level of DNA in such cases leading to low
levels of translated proteins, which was not
enough for immunohis-tochemical detection;
or alternatively, the protein was not expressed
at all. The super oxide radicals and the
metabolic product H,O, lead to fat oxidation
in. cell membrane may have caused mutage-
nicity and carcinogenicity, which induce
damage to DNA. This may explain the
increase in chromosomal breaks and chromo-
somal rearrangements in breast cancer patients
(Morimotor et al., 2003).

Finally the results of the present study

‘showed significant increase in numerical

aberrations in breast cancer patients compared
with the control. These results indicated a
significant increase in chromosomal breaks
fragments) and chromosomal
rearrangements (dicentric and ring chromo-
somes) in cancer patients with y irradiation

‘treatments compared with the control.
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