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Abstract 

 

Background: Breast cancer is the most common cancer worldwide. From several markers 

of this malignancy, HER-2 is considered to have a particular importance because it 

associates with the treatment and prognosis of the disease. 

Objective: To investigate the amplification of HER-2 gene in benign and malignant 

lesions of breast in a sample of Iraqi women. 

Patients and Methods: A total of 24 excisional breast biopsies were obtained from women 

with breast lesions. Biopsies were preserved in 10% formalin and undergone paraffin 

embedding according to the standard protocol. Four µm thick sections were prepared and 

placed on positively charged slide and stained with fluorescent in situ hybridization. The 

stained slides were examined with fluorescence microscope to detect HER-2 gene 

amplification. 

Results: Fourteen women were found to have benign lesions, while 10 were with malignant 

lesions. All benign lesions revealed two copies of the gene while seven of  malignant cases 

showed positive results for HER-2 amplification (i.e more than 5 copies of the gene). 

Conclusion: These results support the idea that amplification of HER-2 could be 

considered as an indicator for tissue transformation into malignant lesion . 
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Introduction 

     Human epidermal growth factor 

receptors (HER) are group of 4 members 

(HER1-4) which has crucial roles in normal 

body functions though regulation of cell 

growth, differentiation and survival [1].  Of 

these members, HER-2 (also known as Her- 

 

 

2/neu, c-erb2 and p185) has the strongest 

catalytic kinase activity [2]. Although there  

is no known ligand for this receptor, it 

performs many functions through 

dimerization with the other family 

members. Furthermore, in cases of 

overexpression, spontaneous dimerization 
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of HER-2 occurs in ligand-independent 

manner.In either homo- or 

heterodimerization, the result is the 

autophosphorylation of tyrosine residue in 

the cytoplasmic portion of HER-2 receptor. 

This in turns induces several signal 

pathways, the most important of which are 

phosphatidylinositol-4,5-biphosphate 3-

kinase/Protein kinase B (PI3K/AKT) and 

rapidly accelerated fibrosarcom/ mitogen-

activated protein kinase (Raf/MAPK) axes 

[3]. 

    These and other signals are responsible 

for growth and survival of different cells. 

However, the over expression and 

amplification of HER2 gene induces 

constitutive growth and anti -apoptotic 

activity [4] which predispose to different 

tumors. In fact, about 15-30% of women 

with breast cancer (BCa) and 9-32% with 

ovarian cancers are positive for HER-2 

amplification [5][6].  Even though, the role 

of this gene in cancer initiation is a debate 

issue. Some in vitro studies argued that 

overexpression of HER-2 is a cause rather 

than a sequel of cancers [7]. On the other 

hand, it was frequently found that 

overexpression of this protein in benign 

lesions is not necessarily associated with 

increased risk of developing malignant 

tumors [8]. 

   Thus, this study aimed to investigate 

HER-2 gene status in a sample of Iraqi 

women with benign and malignant BCa. 

Patients and Methods 

     A total of 24 excisional breast biopsies 

were obtained from women attending 

Oncology Department in Al-Imamain AL-

Kadhumain Medical City during the period 

from January to October, 2016. The age 

range of those women were (18-47 years, 

mean 38.9±4.17 years). All biopsies were 

preserved in 10% formalin and undergone 

paraffin embedding according to the standard 

protocol. Two 4-µm thick sections were 

prepared from each biopsy. One 

section on histological slide for hematoxylin 

and eosin (H&E) staining and the other on 

positively charged slide (Fisher Scientific/ 

Germany) for fluorescent in situ 

hybridization (FISH).  

Fluorescence In Situ Hybridization 

Analysis: Fluorescence in situ hybridization 

was performed using her-2/neu specific 

probe (Poseidon Repeat-free FISH probes, 

Kereatech company/Holland, Cat No. KBI-

10701) according to manufacturer’s 

instruction as follows: 

    The positively charged slide mounted with 

paraffin sections were warmed for 6 hours at 

56  ̊C, after which they undergone 

deparaffinization by soaking in xylene for 10 

minutes. Dehydration was achieved by 

soaking in ascending gradients of ethanol for 

3 minute each. After washing with dH2O for 

3 minutes, the slide were placed in 

pretreatment solution A at 98  ̊C for 15 

minutes. The sections were then covered with 

200 µL pepsin solution (KBI-60007 Tissue 

Digestion Kit I, Kereatech/Holland) and 

incubated for 15 minutes at room temperature 

(RT), then washed with dH2O for 1 minute 

and in 2x saline-sodium citrate (SSC) for 5 

minutes at RT. Finally, the slides were 

dehydrated by soaking in ascending gradients 

of ethanol for 1 minute each. 

   Ten µL of probe per 22x22 mm of field 

was applied, after which the slides were 

covered with cover slip and sealed with 

rubber cement. The sample and the probe 

were denatured on a hot plate at 80  ̊C for 5 

minutes, and then incubated overnight at 

37   ̊C in a humidified chamber. The rubber 

cement was removed and the slides were 

washed with different washing buffers and 

dehydrated again with ascending gradients of 

ethanol for 1 minute each. 

   Fifteen µL of 4',6-diamidino-2-

phenylindole (DAPI) counterstain were 

applied for each slide followed by covering 

with cover slip and then examination using 
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an Eclipse TE300 fluorescence microscope 

(Nikon, Japan). 

    The FISH signals were interpreted 

according to the American Society of 

Clinical Oncology and the College of the 

American Pathologists (ASCO/CAP) for 

single probe in 2013 [9] as follows: 

HER-2 positive: average HER-2 copy 

number ≥6.0 per cell. 

HER-2 equivocal: average HER-2 copy 

number ≥4.0 and< 6.0 per cell. 

HER-2 negative: average HER-2 copy 

number < 4.0 per cell. 

Statistical Analysis  
      Chi-square test was used to compare the 

difference in HER-2 amplification between 

younger women (< 40 years old) and older 

women (40 years or older) using statistical 

package for social sciences software. 

A P-value of 0.05 or lesser was considered 

significant.                                                               

Results 

    Out of the examined 24 excisional breast 

biopsies, the histopathological examination 

of H&E-stained section revealed benign 

breast lesions in 14 sections, while 10 

sections were found to have malignant 

lesions. FISH signals for HER-2 gene were 

detected in all tissue sections. All benign 

lesions revealed two copies of the gene 

(figure 1). Seven out of 10 malignant cases 

showed positive results for HER-2 

amplification (i.e more than 5 copies of the 

gene) (figure 2). The other three cases 

revealed two copies of the gene. 

 

 
 

Figure( 1): Fluorescence in situ hybridization for HER-2 gene in cancerous breast tissue. Very few signals 

are present in each cells (arrows) indicating negative result for HER-2 amplification. 

 

 

Figure( 2): Fluorescence in situ hybridization for HER-2 gene in cancerous breast tissue. Numerous signals 

are present in each cells indicating amplification of HER-2 gene. 
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     Regarding age classes, 11 out of 14 

women with benign BCa (87.57%) were 40 

years old or older compared with 3(21.43%) 

who were under this age. For women with 

malignant BCa, the majority (5 out of 7 

HER-2 positive (71.43%)) were young 

women versus 2(28.57%) over 40 years old, 

while all the rest 3 HER-2 negative women 

were older than 40 years with significant 

difference (P=0.038). 

Discussion   

       With the advances in molecular 

techniques, HER-2 becomes one of the most 

important targeted markers for breast tumors. 

In fact, cases of BCa can have up to 25-50 

copies of this gene, and up to 40-100 folds’ 

increase in the expression of HER2 protein 

with more than million of HER-2 receptors 

will be expressed on the malignant cell 

instead of few of them in normal status [10]. 

   The current study revealed no gene 

amplification of HER-2 in women with 

benign breast lesion. This result is not in 

accordance with many previous studies. Stark 

et al. [11] conducted a nested case-control 

study at the Myo Clinic/USA for detection of 

HER-2 amplification in different breast 

lesions. They found that 9.5% of benign 

breast lesions versus 18% in malignant 

lesions were positive for HER-2 

amplification.  Recently, Daoud et al. [12] 

studied the expression of HER-2/neu protein 

in Egyptian women with benign and 

malignant BCa. They noticed overexpression 

of this protein in 31% of benign cases. 

Surprisingly, Xu et al. [13] reported a very 

high percentage of HER-2 gene amplification 

in the USA women either in malignant 

(ductal carcinoma in situ, 21 out of 22 cases) 

or in benign (atypical ductal hyperplasia 7 

out of 13 cases). The discrepancy in the 

results could be attributed to several factors 

among which the different ethnicity, different 

types of malignant and benign lesions and the 

technique which is used for exploring 

amplification or expression. 

   The current study revealed that young 

women are significantly more prone to HER-

2 positive BCa than older women. These 

results agree with many previous studies in 

that BCa in young women is associated with 

unfavorable tumor characteristics including 

HER-2 positive [14][15][16]. A 

comprehensive, large scale genomic analysis 

including 700 women with BCa revealed 

higher rates of HER-2 over expression in 

younger than older women [17]. However, a 

current study by Lee et al. [18] did not show 

this trend may be due to the specific subtype 

of BCa that used in this study. 

     Despite the fact that older ages are well-

known risk factor for BCa, this malignancy is 

the leading cancer-related death in young 

women [19], and large number of evidence 

suggested that BCa in young women always 

associated with worse outcomes including 

high mortality and recurrence rate compared 

with older women [18]. Thus, the relatively 

high percentage of young women who are 

HER-2 positive in the current study supports 

the idea that BCa is more aggressive in 

younger women. 

    Taken together, the current data support 

that idea that amplification of HER-2 may be 

considered as an indicator for tissue 

transformation into malignant lesion, and this 

amplification is a consequence rather than a 

cause of cancer. 
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