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Abstract: Background: Breast cancer is the most common malignancy among women worldwide.The human epidermal growth factor 

receptor (HER) is a transmembrane receptor in the epidermal growth factor (EGF) receptor family located at the long arm of human 

chromosome 17 (17q12). Diagnostic assays for HER2 in breast cancer provide important prognostic information and independently help 

guide management by identifying patients who are the most likely to benefit from Herceptin-targeted therapy. Objective: To evaluate the 

Efficiency of using CISH technique in Equivocal Immunohistochemical results of HER2 protein. Materials and Methods: Sixty cases of 

breast cancer were subjected to immunohistochemistry for expression of HER2 protein.The genetic status of HER2 gene were 

determined using Chromogenic In Situ Hybridization (CISH) to discriminate the equivocal results of score 2 immunohistochemical 

expression. Results: within the Equivocal cases, 24.5 % (12 out of 49) showed low amplification results while 8.1%(4 out of 49)showed 

high amplification results the rest showed no amplification result. Conclusion: Integration of CISH in Iraqi diagnostic laboratories 

during HER2 testing algorithm of all equivocal HER2 IHC(2+) test result provides a convenient definitive guidance for accurate HER2 

gene amplification status  to discriminate these results.  
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1. Introduction 
 

Breast cancer is the most common malignancy among 

women worldwide (Basim,2013) .  In Iraqi populations, 

breast cancer constitutes about one fourth of the registered 

cancer cases (Nada etal 2014). 

 

There are several well-established risk factors for breast 

cancer (early onset of menarche, a late age both for a first 

complete pregnancy and for menopause, the presence of 

atypical hyperplasia, a positive family history of breast 

cancer, and exposure to ionizing radiation)..  (Hussain et 

al,2016). Globally and According to GLOBOCAN, the 

prevalence of Breast cancer is 1,461,445 worldwide with the 

incidence of 1,824,701 and mortality of 1,589,925 (http:// 

http://gco.iarc.fr/today/). 

 

The human epidermal growth factor receptor (HER) is a 

transmembrane receptor in the epidermal growth factor 

(EGF) receptor family located at the long arm of human 

chromosome 17 (17q12) (Coussens et al; 1985). HER 

belongs to family of receptors plays a central role in the 

pathogenesis of several human cancers. They regulate cell 

growth, survival, and differentiation via multiple signal 

transduction pathways and participate in cellular 

proliferation and differentiation.   (Nida et al;2014 .) 

 

Diagnostic assays for HER2 in breast cancer provide 

important prognostic information and independently help 

guide management by identifying patients who are the most 

likely to benefit from Herceptin-targeted therapy. 

Immunohistochemistry and ISH methodologies have the 

advantage of being morphologically driven, allowing for 

correlations between HER2 expression and morphologic 

features. However, each has important advantages and 

disadvantages. Although  immunohistochemistry is familiar 

and readily accommodated in most surgical pathology 

laboratories, increasing demands for ISH testing in the 

clinical setting will require greater familiarity with the 

technical aspects of ISH assays and their interpretation by 

the greater laboratory community. In this review, we provide 

an overview of CISH testing for HER2 in breast cancer 

(David et al; 2005.) 

 

2. Objective 
 

To evaluate the Efficiency of using CISH technique in 

Equivocal Immunohistochemical results of HER2 protein. 

 

3. Materials and Methods 
 

This study is retrospectively designed in which 60 cases 

which were diagnosed having breast cancer in the National 

Cancer Research Center and Central Public Health 

Laboratory during the period from October /2015 till June 

/2015  were evaluated in terms of age, tumor type and grade. 

 

Breast tissue sections were cut at 4 μm and placed on 

positively charged slides; one section was stained with 

hematoxylin and eosin (H&E) and the others were subjected 

for the     Immunohistochemistry technique (IHC) to detect 

the expression of ERB2 which were done by the Cental 

Public Health Laboratory, Iraqi Ministry of Health.  

Chromogenic In Situ Hybridization (CISH) was performed 

using the ZytoDot 2C SPEC HER2/CEN 17 Probe Kit, 

(Zytovision,Germany) according to the manufacturer’s 

instructions. The kit was designed to be used for the 

detection of the human HER2 gene as well as chromosome 

17 alpha-satellites in either formalin-fixed, paraffin-

embedded tissue or cell samples by chromogenic in situ 

hybridization (CISH). 
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4. Interpretation of Results  
 

The interpretation was followed the manufacturer 

instructions of ZytoDot 2C SPEC HER2/CEN 17 Probe Kit 

(figure 1). The signal of  single copy of a HER2 gene 

appeared as a dark green-colored distinct dot-shaped signal, 

while the bright red-colored distinct dot-shaped signal 

indicate one single copy of a chromosome 17 centromeric 

region .For distinguishing the colors contast, we used 

hematoxylin as a counterstain. In normal diploid nuclei 

without gene amplification, 2 green and 2 red dotshaped 

signals with smooth, rounded edges will be visible per 

nucleus  . Due to mitosis, additional signals may be visible 

even in a small percentage of non-neoplastic cells. 

Occasionally, nuclei with missing signals may be observed 

in paraffin-embedded tissue sections. In case of low gene 

amplifications or chromosome 17 aneusomy  , green HER2 

gene specific signals will be visible as multiple dots or small 

clusters. Small clusters are irregularly shaped signals 

comprising an area of up to 5 dots. As a reference, a single 

green dot of a normal cell of the same slide must be used. 

Additionally, red signals of the centromere 17 control will 

be visible. In case of high gene amplifications, a large 

number of green dots or large clusters, comprising an area 

greater than 5 dots, will be visible in the nuclei. As a 

reference, a single green dot of a normal cell of the same 

slide must be used. Red signals might be overlaid and might 

not be visible any more.(Zytovision,Germany). 

 
Figure 1: Interpretation of the CISH results (source: 

www.Zytovision.com) 

  

Statistical analysis  
Data was analyzed using statistical package of social 

sciences (SPSS) for version 10, Social Science Statistic 

(http://www.socscistatistics.com) and office Excel 2010. 

Differences in proportions were assessed by Chi-square test. 

P-values < 0.05 were considered statistically significant 

 

5. Results 
 

This research was designed as a retrospective study. A total 

of 60 cases Formalin fixed paraffin embedded archival 

tissues from Iraqi women with breast cancer were included 

in this research. The minimum age was 25 years and 

maximum was 65 years with the most affected age group 45-

54 years. According to the type of cancer ,the most 

prominent type is the ductal carcinoma (38 out of 60) while 

the lobular carcinoma coprises only 8 % of the total cases (5 

out of 60) (Figure 2).there is 17 cases of unknown origin of 

cancer. Most of the cases were at stage3 Grade2 which 

represent 20% and 65% of the total cases respectively 

(Figure 2). Because of the missing data in the case sheets 

during the collection the sample , we will focus on the 

expression of both HER2 gene and protein .  

 

 
Figure 2: Sample description 
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 The immunohistochemical expression of HER2 protein 

showed that the majority of the cases were at score2 (49 out 

of 60) followed by score1 ( 10 out of 60 ) , only one case 

showed score3 epression for HER2.(table 1). 

 

Table 1: Immunohistochemical expression of HER2 protein 

HER2 Frequency Percent significance 

SCOR1 10 16.7 

0 .037 

significant 

SCORE2 49 81.7 

SCORE3 1 1.6 

Total 60 100 

 

Detection of Her2 gene amplification showed graded 

amplification result from no-amplified gene followed by 

low-amplifaction then high-amplified result with a 

percentage of 71.7%, 21.7% and 6.7% for each respectively, 

there is a significant correlation of CISH test in the detection 

of gene amplification in breast cancer tissues.  (Table 2). 

  

Table 2: Gene expression of the HER2 using CISH 
CISH  Frequency Percent Significance 

no-amplified 43 71.7   

0.026 

 significant 

  

low-amplified 13 21.7 

high-amplified 4 6.6 

Total 60 100 

 

Among the 49 cases of  equivocal score2 expression, which 

is the most intresting expression that need to be confirmed 

by detection of Her2 gene, only 4 cases showed highly-

amplification result (Table 3) with a  significant  correlation 

between protein expression  and gene amplification while 12 

cases were low amplified her2 gene with statistically non 

significant correlation (p-valu 0.275 ). 

 

 Table 3: The correlation between Immunohistochemistry 

expression and the results of   CISH gene amplification  
CISH 

Amplification 

Equivocal Score2 

IHC expression 

Percentage 
Chi-square 

no-amplified 33 67.4 2.577 

P=0.275 

Non-significant 
low-amplified 12 24.5 

high-amplified 4 8.1 

Total 49 100% 

 

6. Discussion 
 

Among new breast cancer patients, 15% to 20% will develop 

tumors that harbor a genomic alteration involving the HER2 

gene locus. This alteration results in amplification of the 

region on chromosome 17 containing this proto-oncogene.( 

David and Linda ,2011) 

 

HER2 gene amplification is associated with shorter disease-

free and overall survival in breast cancer. (D. J. Slamon et al 

, 1987). HER2 is a clinically important tumor marker with 

the potential to influence treatment decisions in the breast 

cancer patient, a role among tumor markers that previously 

has been achieved only with hormone receptors.  

 

Abnormal HER2 (gene amplification or protein 

overexpression) is also important in selecting metastatic 

breast cancer patients who are candidates for chemotherapy. 

(Lynn et al, 2005) 

 

Despite The IHC has the advantage of being 

morphologically driven, allowing for correlations between 

HER2 expression and morphologic features in tissue 

sections ( David et al 2005.) which is widely accessible and 

easy to perform at a reasonable cost , this semi-quantitative 

procedure is beset by technical artifacts, sensitivity 

differences between different antibodies, and subjective 

interpretation, resulting in interobserver variability between 

pathologists. This is obvious when we compare the results of 

table 1 and table 3 in which although there is statistically 

non significant correlation in table 3  ,we found that the 67% 

of the equivocal results detected by IHC had non-amplified 

HER2 gene when subjected to CISH, this explained the 

importance of CISH application  during the use of IHC in 

the detection of HER2 protein over expression (Table 2) 

(Press et al,1994) 

 

Kakar and colleagues concluded that IHC is appropriate for 

the initial Her-2/neu assessment, but patients whose tumors 

scored less than 3+ (particularly those interpreted as 2+) 

would benefit from genetic detection by In situ hybridization 

to assess Her-2/neu status more accurately and to avoid 

inaccurate prognostication and inappropriate treatment and 

this is support our findings in table 2 and 3  .  (Manuelito 

and Raymundo 2004) During this study we found that the 

despite the  use of IHC approach is useful for the initial 

detection for Her-2 protein expression , the patients with 

equivocal score 2 IHC need  to use more accurate methods 

including the evaluation of gene amplification .like cish or 

fish to avoid inaccurate prognostication and inappropriate 

treatment and this finding is in agreement with Kakar and 

colleagues. (Kakar et al,2000) and  that is because the 

difference in the target ; Immunohistochemistry identifies 

HER2 protein expression on the cell surface, while CISH 

determines the actual degree of HER2 gene amplification 

(van de Vijver,2002).  

 

Chromogenic in-situ hybridization considered as  a viable 

alternative to fluorescence in-situ hybridization in the HER2 

testing algorithm Many studies find that using CISH is more 

accurate than FISH  besides unlike FISH, positive signals 

can be identified using standard laboratory equipment. 

Histopathology of the specimen can be assessed 

simultaneously and the signal does not decay, but remains 

stable over a long period of time, allowing slides to be stored 

at room temperature .( Wedad and Kevin  2006) and that is 

why we used CISH in this study. 

 

The correlation of IHC with CISH was crucial to determine 

which of the IHC score 2 equivocal cases were eligible for 

chemotherapy (Marc et al,2007 ). In this study about 32.6% 

of the 49 equivocal cases of HER2 showed HER2 gene 

amplification as assayed by CISH (table3). This is in 

consistent with the findings of other studies comparing 

HER2 over expression with the degree of HER2 gene 

amplification. In these studies, the percentage of tumours 

with a HER2 IHC 2+ score and gene amplification was 

approximately 25%  (Lebeau et al; 2001, Mass et al;2000, 

Tsuda et al;2001). Moreover other researchers found that   

HER2 is over expressed in 25–30% of all breast cancers 

(Cobleigh et al, 1999; Andersson et al, 2002) .  
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Despite The advantage of being use CISH in excluding 

equivocal results, we thought that the pre-treatment of tissue 

sections, especially the pepsin digestion time, was a critical 

step in achieving a good CISH result. Like FISH, the 

optimal pepsin digestion time differs between tumours. For 

practical reasons, the pepsin digestion time used in the 

preparation of received slides was calculated in each 

laboratory on the basis of a pepsin time course performed on 

one representative tumour provided by the sending 

laboratory. However, it is possible that this was not the 

optimal value for all tumour samples, and as a result it was 

likely that in some cases no HER2 signal would be detected. 

For such cases, it was determined that the CISH test should 

be repeated after adjustment of the pepsin digestion 

time.This may explain the different results of CISH between 

the researchers. ( Marc et al, 2007). 

 

In conclusion , this study suggest that  it is  important  to   

standardize tissue handling, fixation, use of standardized 

assays, rigorous quantitation, quality control measures, and 

competency assessments are a prerequisite to this approach 

and will help ensure accuracy and consistency for IHC 

HER2 evaluation . Moreover; we recommend to integrate  

CISH in Iraqi diagnostic laboratories than FISH during 

HER2 testing algorithm of all equivocal HER2 IHC(2+) test 

result which provides a convenient definitive guidance for 

accurate HER2 gene amplification status  with a minimum 

requirements of equipments which were available in most of 

Iraqi pathological diagnostic laboratories.  

 

References 
 

[1] Basim Mohammed Khashman. Detection of Herpes 

Simplex Virus-1 Antigen in Tissues of Breast 

Cancer. Diyala Journal of Medicine 2013; 4(1): 

[2] Nada A. S. Al-Alwan,Faisal H. F. Mualla. Promoting 

Clinical Breast Examination as A screening Tool for 

Breast Cancer in Iraq. Iraqi National Journal of Nursing 

Specialties 2014; 27(1): . 

[3] Hussain SM, Hussein AA, Khashma BM (2016) 

Immunohistochemical Expression of Cyclin D1 in 

Human Breast Carcinoma. J Integr Oncol S1: 003. 

doi:10.4172/2329-6771.S1-003 http:// 

http://gco.iarc.fr/today/ 

[4] Coussens L, Yang-Feng TL, Liao YC, Chen E, Gray A, 

McGrath J, Seeburg PH, Libermann TA, Schlessinger J, 

Francke U (December 1985). "Tyrosine kinase receptor 

with extensive homology to EGF receptor shares 

chromosomal location with neu 

oncogene". Science. 230 (4730): 1132–9 

[5] Nida Iqbal,Naveed Iqbal. Human Epidermal Growth 

Factor Receptor 2 (HER2) in Cancers: Overexpression 

and Therapeutic Implications. Molecular Biology 

International 2014; 2014: .) 

[6] David G. Hicks MDa, Raymond R. Tubbs DO. 

Assessment of the HER2 status in breast cancer by 

fluorescence in situ hybridization: a technical review 

with interpretive guidelines. Human Pathlogy 2005; 

36(250– 261): .) 

[7] David G. Hicks, Linda Schiffhauer . Standardized 

Assessment of the HER2 Status in Breast Cancer by 

Immunohistochemistry. Laboratory Medicine 2011; 

42(8): . 

[8] D. J. Slamon, G. M. Clark, S. G. Wong, W. J. Levin, A. 

Ullrich, andW. L.McGuire, “Human breast cancer: 

correlation of relapse and survival with amplification of 

the HER-2/neu oncogene,” Science, vol. 235, no. 4785, 

pp. 177–182, 1987. 

[9] Lynn G. Dressler, Donald A. Berry, Gloria Broadwater, 

David Cowan, Kelly Cox, Stephanie Griffin, Ashley 

Miller, Jessica Tse, Debra Novotny, Diane L. Persons, 

Maurice Barcos, I. Craig Henderson, Edison T. Liu, 

Ann Thor, Dan Budman, Hy Muss, Larry Norton, and 

Daniel F. Hayes. Comparison of HER2 Status by 

Fluorescence in Situ Hybridization and 

Immunohistochemistry to Predict Benefit From Dose 

Escalation of Adjuvant Doxorubicin- Based Therapy in 

Node-Positive Breast Cancer Patients. JOURNAL OF 

CLINICAL ONCOLOGY 2005; 23(19): 

[10] Press MF, Hung G, Godolphin G, Slamon DJ: 

Sensitivity of Her-2/neu antibodies in archival tissue 

samples: potential source of error in 

immunohistochemical studies of oncogene expression. 

Cancer Res 1994, 54:2771-2777. 

[11] Manuelito A Madrid and Raymundo W Lo. 

Chromogenic in situ hybridization (CISH): a novel 

alternative in screening archival breast cancer tissue 

samples for HER-2/neu status. Breast Cancer 

Research 2004; 6(5): .) 

[12] Kakar S, Puangsuvan N, Stevens JM, Serenas R, 

Mangan G, Sahai S, Mihalov ML: Her-2/neu 

assessment in breast cancer by immunohistochemistry 

and fluorescence in situ hybridization: comparison of 

results and correlation with survival. Mol Diagn 2000, 

5:199-207.) 

[13] van de Vijver M. Emerging technologies for HER2 

testing. Oncology 2002;63(Suppl 1):33–38. 

[14] Wedad M Hanna and Kevin Kwok. Chromogenic in-

situ hybridization: a viable alternative to fluorescence 

in-situ hybridization in the HER2 testing 

algorithm. Modern Pathology2006; 19 .) 

[15] Marc van de Vijver , Michael Bilous , Wedad Hanna , 

Manfred Hofmann , Petra Kristel , Frédérique Penault-

Llorca and Josef Rüschoff . Chromogenic in situ 

hybridisation for the assessment of HER2 status in 

breast cancer: an international validation ring 

study. Breast Cancer Research 2007; 9(5): )   

[16] Lebeau A, Deimling D, Kaltz C, Sendelhofert A, Iff A, 

Luthardt B,Untch M, Lohrs U: Her-2/neu analysis in 

archival tissue samples of human breast cancer: 

comparison of immunohistochemistry and fluorescence 

in situ hybridization. J Clin Oncol 2001, 19:354-363. 

[17] Mass R, Sanders C, Kasian C, Johnson L, Everett T, 

Anderson S:The concordance between the clinical trials 

assay (CTA) and fluorescence in situ hybridization 

(FISH) in the Herceptin pivotal trials. Proc Am Soc Clin 

Oncol 2000, 19:75a. 

[18] Tsuda H, Akiyama F, Terasaki H, Hasegawa T, 

Kurosumi M, Shimadzu M, Yamamori S, Sakamoto G: 

Detection of HER-2/neu (cerbB-2) DNA amplification 

in primary breast carcinoma. Interobserver 

reproducibility and correlation with 

immunohistochemical HER-2 overexpression. Cancer 

2001, 92:2965-2974. 

[19] Cobleigh MA, Vogel CL, Tripathy D, Robert NJ, Scholl 

S, Fehrenbacher L,Wolter JM, Paton V, Shak S, 

Paper ID: ART20173737 DOI: 10.21275/ART20173737 641 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/
http://gco.iarc.fr/today/


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 8, August 2017 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Lieberman G, Slamon DJ (1999)Multinational study of 

the efficacy and safety of humanized anti-HER2 

monoclonal antibody in women who have HER2-

overexpressing metastatic breast cancer that has 

progressed after chemotherapy for metastatic disease. J 

Clin Oncol 17: 2639–2648. 

[20] Andersson J, Linderholm B, Greim G, Lindh B, 

Lindman H, Tennvall J, Tennvall-Nittby L, Pettersson-

Skold D, Sverrisdottir A, Soderberg M,Klaar S, Bergh J 

(2002) A population-based study on the first forty-eight 

breast cancer patients receiving trastuzumab (Herceptin) 

on a named  patient basis in Sweden. Acta Oncol 41: 

276–281. 

 

 
 

 
 

 
Figure 3: Genetic expression results of HER2/neu using Chromogenic in situ hybridization CISH: (A) Non amplification.(B) 

Low amplification. (C) High amplification 
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