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ABSTRACT 
Objectives: Breast cancer is the most typical style of cancer in females. 

The human epidermal growth factor receptor 2 (HER2) is a potential 

molecular target in breast carcinoma and it is abundantly expressed in this 

type of cancer and other cancers. The present study target is detection about 

HER2 in breast cancer patients of Basrah city. 

Methods: Fifty patients were registered and diagnosed as breast cancer 

disease patients and without breast cancer. Immunohistochemistry was 

carry out to evaluate the distribution of  HER2 by using positive charge 

slide. 

Results: The result was screen about HER2 status in female patients with 

breast cancer in Basra city / Iraq, and the ages female patients with breast 

cancer ranged were from 20 to 60 years. The HER2 status reported there 

was no-significant difference in age groups of cancer status, while there 

was a significant association between stage I stage II and III of HER2 status 

and was (P= 0.001). 

Conclusion: This study review the role of HER2 diverse cancers, and 

diagnostic by immunohistochemistry assay. Immunohistochemistry is a  

well-established ancillary technique to facilitate the diagnosis of infectious 

and  neoplastic  processes and help to diagnosis and as a proof to 

appropriate therapy. 
 
Copyright©2019, Awatif H. Issa.  This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 

 
 
 

 

 
 
 
 

 

 

 

 

 

 

 
 

 

 

 
 
 

 

 

 

INTRODUCTION 
Daily, cells  in the body grow, divide, and die in an 

regular manner, but sometime these cells are divide 

abnormally and uncontrolled is lead to the so-called  

cancer . Cancer is a group of disease characterized by 

abnormal cells reproduction or uncontrolled growth  to 

induce and spread of these cells
1
. These cells are usually 

form a tumor that can often be felt as a lump or seen on 

an x-ray. the prevalence of cancer cells and not 

controlled it can led to death. However cancer is caused 

by both: 

•External factor such as tobacco, infectious organism, 

chemicals and radiation
2,3

. 

•Internal factor as inherited mutation, hormones, 

immune condition and mutations that occur from 

metabolism
4
. 
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Breast cancer (BC) is a one of form cancer, is a  major 

public health issues and is the most common type cancer 

in the women world and sometime occurs in men. Breast 

cancer starts cells in the breast begin to grow out of the 

control
 1

, these cells and usually formed in different 

parts of the breast. The growth of cells compose a lamp 

or mass named a tumor . Tumors are either benign or 

malignant.   

•Malignant (Cancerous): The cells are grow into 

spread (metastasize) to distant areas of the body or tissue 

surrounding (invade).  

•Benign (not cancerous):  These difference with benign 

tumors, which do not spread to other parts of the body. 

Generality breast cancers begin in the ducts that transfer 

milk to the nipple (duct cancers), some begin in the 

gland that produce breast milk (lobular cancer), a small 

numeral of cancers start in else tissues in the breast is 

named sarcomas and lymphomas, so the breast cancer 

is deem the second most popular cancer yet, after lung 

cancer, when grade by cancer occurrence in both sexes. 

Around 55% of global burden is currently experienced 

in developed countries, but happening rate rapidly 

gowing in development countries
5
. Breast cancer is a 

complex and intrinsically heterogeneous disease, 

molecular profile, and clinical behavior which require 

different treatment
6
. 

Growth factors are main for the development of the 

cells
7
. Growth factors are needed for cell to cell 

connection implicit embryonic tissue creation, apoptosis, 

cell survival, fate determination, cell migration and 

tissue specialization. Growth factor receptors transfer 

signals directly through receptor from extracellular and 

translocation to nucleus or the activation of intracellular 

messengers
8
. Breast cells have receptors which that  

need for hormones to growth, such as the estrogen 

receptor and progesterone receptor and HER2 receptors, 

but they are existing a limited numbers, its play a role 

for growth and survival the cells, this study focused on 

human epidermal growth factor receptor 2 (HER2). The 

human epidermal growth factor receptor 2 (HER2) 

belong to HER family
9
, also called the ErbB protein 

family or epidermal growth factor receptor (EGFR). 

This family have many roles are regulate cell growth, 

differentiation and survival by multiple signal 

transduction pathways and share in cellular proliferation 

and differentiation
10

. Any insufficient or excessive  of 

ErbB signaling in humans is associated with the 

development a lot of disease for example: if insufficient 

in ErbB signaling lead up to  neurodegenerative 

diseases, like  multiple sclerosis and Alzheimer's 

Disease
11

 or excessive ErbB signaling is linked with the 

development of a broad variety of types of solid tumor
12

. 

Human epidermal growth factor receptors family they 

live on the outside of some cells and receive signals 

from the body
13

, and consists of four plasma membrane-

bound receptor tyrosine kinases
14,15

 are  HER1( EGFR/ 

ErbB1), HER1 ( ErbB2), HER3 ( ErbB3), and HER4 

(ErbB 4) as shown in Figure 1. 

Figure 1. Human epidermal growth factor receptors family: Four 

members of HER family including HER1, HER2, HER3, and 

HER4 are illustrated by purple, green blue and yellow 

respectively16. 
 

The HER2 receptor is a type I transmembrane 

glycoprotein  (1255 amino acid), a 185kD, sit at the long 

arm of chromosome 17q12
 17

. The human epidermal 

growth factor receptor type 2 have multiple named
 18

 are 

CD 340, p
185HER2

, Erbb2 (rodent) or ERBB2 (human), 

proto-oncogene Neu,  and HER2/neu
19,20

, and its 

encoded by the HER2/neu oncogene located at the long 

arm of human chromosome 17
 17

. All HER receptors 

family similar the contents and they are composed of 

three distinct regions: N – terminal extracellular domain 

(ECD), single α- helix Transmembrane domain(TM), 

and intracellular tyrosin kinase domain (Figure 2). 

 

Figure 2 : The extracellular , Transmembrane and intracellular 

domain of HER family. 
 

These receptors are very important in development the 

breast cancer one of them  is (HER2) which amplified 

and over expressed in different tissues and its main role 

in these tissues is to ease excessive/uncontrolled cell 

growth and tumorigenesis
21,17

, and becomes more 

aggressive and more resistant for treatment For example 

in breast cancer, HER2 over-expression about 20% – 

30%
 22

, gastric cancer
23

, salivary duct carcinomas
24

, 

esophageal cancer, ovarian cancer, stomach and 

adenocarcinoma of the lung
25

, Pancreatic cancer and  

uterine serous  endometrial cancer
26

. 
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The human epidermal growth factor receptor 2 (HER2) 

different from other EGFR family members, is as an 

“orphan receptor “due to lacking a known ligand
27

. 

HER2 signaling is a complex network comprised of 

membrane receptor and their ligands protein kinase and 

regulating genes that affect various cellular functions. 

The formation HER2 is either heterodimers or 

homodimer
28,29

, and after activates the intracellular 

tyrosine kinase, then excite the autophosphorylation of 

special tyrosine residues. Phosphorylation of tyrosine in 

transformation adaptor proteins or enzymes to start a 

succession of signaling cascades and regulate cellular 

processes
30,31

. The induction of PI3K signaling activities 

is spur by the heterodimer composed of HER2 and 

HER3. However, Ras/Raf/MAPK signaling route, its 

activated by all of the dimers which containing HER2 

“HER1/HER2, HER2/HER2, HER2/HER3 and 

HER2/HER4”
 32

. ErbB-1 and ErbB-2 are present in 

many human cancers and their excessive signaling may 

be critical factors in the development and malignancy of 

these tumors
33

.  

HER2 is expressed in different tissues and its main role 

in these tissues is to ease excessive/uncontrolled cell 

growth and tumor genesis
34

.  HER2  is a protein in 

humans is encoded by the ERBB2 gene which located on 

the long arm of chromosome 17q12
 35

, HER2 gene  is 

amplification (over-expression) because HER2 receptors 

results transmitting excessive signals for cell 

proliferation to the nucleus  that result  in increased 

mRNA and a functional HER2 receptor
36

. The 

continuation deregulated growth cells is lead up to 

fortified signaling connections between the HER2-

activated signaling pathways and effectors cell 

(proliferative, apoptotic, and metabolic). The aim of this 

study was screen about HER2 status in female patients 

with breast cancer in Basra city/Iraq by using 

immunohistochemistry assay. 

 

MATERIALS AND METHODS 

Sample Collection: Fifty patients were registered and 

diagnosed as cancer disease patients and without breast 

cancer (in two hospitals are Al- Sader Teaching and Al- 

Mawany), during the period January 2015 to December 

2016, all the patients were female, aged was between 20 

– 60 years. Control Group were twenty-five healthy 

controls, were included in the present study matched 

with patients for age, disease stage, they were without 

breast cancer (benign), while the model group were 

twenty-five patients is a model group (breast cancer), 

they were included in the present study matched with 

patients for age, disease stage, and they are with breast 

cancer (malignant).  

Immunohistochemistry: The specimen (biopsy) was 

placed in 10% formalin  for fixation tissue, and then the 

tissue was processed into a different concentration of 

alcohol (Chem lab, Belgium); finally the specimen was 

cut by microtome (Laica, China) and placed the tissue 

on the slide named positive charge slide (SAIL BRAND, 

CHINA). 

 

Section Preparation 

The Procedure as the following: 

Fixation: The first day, the fresh tissue which is 

suspected as cancer was placed in a container containing 

10% formalin. The sample was sent to histopathology 

unite.  The suitable piece of tissue was taken and placed 

in a capsule, then put the capsule in formalin 10 % for 

24 hours for fixation. 

Dehydration: The second day, the sample was 

processed from low to high concentration of Alcohol as 

shown in Table 1. 

 
Table1: The different concentration of ethanol alcohol. 

Concentration Times 

70 % One hr. 

80% One hr. 

90% One hr. 

99% ( absolute ethanol) 24 hr. 

 

Clearance: The third day, the capsule was removed 

from alcohol, and then the sample transferred into xylol 

(Thomas Baker, India) for 2 hours. The tissue was 

transferred to high temperature 50 ℃ to dissolve wax 

(ALEXANDRIA WAX). The wax was poured in the 

mould.  The tissue was placed in the mould, and then it 

was left to cold wax.  

Cutting: Fourth day, the tissue was cut by microtome 

the thickness was 5 micrometer. The tissue was placed 

in a water bath with a temperature of 50 ℃, and then the 

tissue was placed on a positive charge slide.  Then the 

slide was placed in xylol container at temperature 50 ℃.   

Immunohistochemistry 

The immunohistochemistry was used for detection about 

HER2 receptor on breast cancer cells. Procedure as the 

following: The slides were placed in the incubator at  37 

℃ for 24 hours. Next day, the slides stayed in the 

incubator for one hour at temperature 60 ℃ (for removal 

the paraffin wax). The slides were placed in xylol at 

50℃ for 5 min. The slides were passed from high 

concentration to low concentration of alcohol as 

following in Table 2. 

 
Table 2: The different concentration for sample processing. 

Concentration  Times 

99% 5 min. 

99% 5 min. 

99% 5 min. 

95% 5 min. 

95% 5 min. 

70% 5 min. 

D.W 5 min. 

D.W 5 min. 

 

The slides were placed in retrieval antigen (pH = 9.0), 

and then they were placed in the microwave oven 

radiation for 10 min. 
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Staining: Procedure as the following:  

•The tissue section slide was incubate for 5 – 10 min in 

0.1 – 1% hydrogen peroxide diluted in PBS to quench 

endogenous peroxidase activity. The slides were washed 

in PBS twice for 5 min.  

•The section was incubated for one-hour n 1.5% of 

blocking serum in PBS (mixing bottle 1). 

• The section was incubated with primary antibodies (10 

µl primary antibody mix with 500 µl antibody dilution 

in PBS) for 30 min at room temperature or overnight at 

4 ℃, and the section was washed three change of PBS  

for 5min.  

•The section was incubated for 30 min with AB enzyme 

reagent (AB mixing bottle), the section was washed 

three change of PBS  for 5min each. 

• The section was incubation in 1-3 drops peroxidase 

substrate (substrate mixing bottle) for 30 seconds to 10 

min., or until desired stain intensity develops.  

•The section was washed in deionized H2O for 5 min. 

•The hematoxylin (Dako, USA) was put on the section 

for 5-10 second and current washed with some changes 

of deionized H2O, The section was washed with tap 

water. 

•The section was put 1-2 drops of permanent mounting 

medium (Dako, USA) and cover with a glass coverslip.  

It was observed by light microscopy. 

Statistical Analysis: A standard statistical software 

package (SPSS) used in the analysis. Descriptive 

statistics were calculated for all variables, and the data 

were formulated as counts and presented as mean ± 

standard deviation and percentages. P values less than 

0.05 were consider. 

 

RESULTS 

This study was screening about HER2 status in female 

patients with breast cancer in Basra city / Iraq, and 

included 50 female patients (25 female patients were 

breast cancer used as a cancer case, and 25 female 

patients were without breast cancer used as a control 

case), and  the ages female of patients with breast cancer 

ranged were from 20 to 60 years (mean age was 45±9.2), 

14 (56%) patients out of 25 cases were  ≥ 50 years, 

while 11 (44%) patients  out of 25 cases were younger 

than 50 years. There was non-significant difference in 

patients' age groups which have HER2 as shown in 

Table 1. The data showed 1+ immunostaining, 3 (12%), 

while showed 2+ immunostaining 7 (28%), and 3+ 

immunostaining was 15 (60%) expression for HER2. 

The results reported 2+ and 1+ are an equal percentage, 

and that meaning no significant between them, while the 

result show score 3+ more than scores (1+ and 2+) and 

that mean there are a significant and was (P= 0.04) as 

shown in Table 1. Four (16%) patients of 25 patients 

with breast cancer had stage I, while 6 (24%)  patients of 

25 patients had stage II and 16 (60%) patients out of 25 

patients had stage III, stage III was more than stage II 

and stage I, and there was a significant association 

between stage (I stage II) and III of HER2 status and 

significant was (P= 0.001) as shown in Table 1. 

 

Table 3: Association between HER2 positive status and age groups, 

stage I, II, III, and immunostaining (score 1+, 2+ and 3+). 

Clinical parameters Count Percentage% P-value 

 

Age 

< 50 year 11 56 % No significant 

(NS) between 

age groups 

HER2 cases was 

(P=0.89) 

≥ 50 year 14 44 % 

Total 25 100 % 

 

 

HER2 

receptor 

I 4 16 % 
Significant (S) 

between stage 

III and stages (II 

and I) and was 

(P = 0.001)*. 

II 6 24 % 

III 16 60 % 

Total 25 100% 

 
Immunostaining 

Score 1+ 3 12% Significant (S) 

between score 

3+ and scores 

(2+ and 1+) and 

was   (P = 0.04). 

Score 2+ 7 28% 

Score 3+ 15 60% 

*P value = Significant P < 0.05, NS= No significant 

 

In Figure 4 show results detection about HER2 on breast 

cancer by using immunohistochemistry, and depended 

on the Food and Drug Administration (FDA) is suggests 

that HER2 immunohistochemistry scores of (zero) is no 

staining that means negative, also (1+) weak or 

incomplete membrane staining in any ratio of tumour 

cells must as shown in (Figure 4 A and B) were 

negative, while in Figure 4 D  was regarded as HER2 

positive (3+) scores that mean uniform intense 

membrane staining of  > 30% of invasive tumour cells, 

and this indicate patients are eligible for anti-HER2 

therapies [37,38], but in (Figure 4 C) HER2 equivocal 

invasive breast cancer are those with HER2 (2+) score
39

 

that is a complete membrane staining, no uniform or 

weak in intensity in at least 10% of the cells or intense 

complete membrane staining in 30% or less of tumour 

cells, and should be confirmed by fluorescence in situ 

hybridization (FISH) to verify their HER2 expression 

more accurately. 

 

A 
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B 

C 

D 

Figure 4 (A,B,C and D). Detection about HER2 on breast cancer by 

using immunohistochemistry, and depended on the Food and Drug 

Administration (FDA). 

 

Discussion 
Breast cancer specimens should initially undergo HER2 

testing by a validated immunohistochemistry (IHC) 

assay for HER2 protein expression.  

Immunohistochemistry (IHC) is a good technique used 

to distinguish the location and distribution of target 

antigens in cells or tissues
40,41,42

 by staining with specific 

antibodies
43

, and this  a  technique used for  distinguish  

cellular  or  tissue  constituents (antigens) by  means of  

antigen-antibody  interactions,  the  place of  antibody  

binding being identified  by  direct  labeling  of  the  

antibody,  or  by  using  secondary  labeling  method
 1

, 

it's an important role in the histopathological diagnosis 

of many tumors
44

, and diseases
45

. Many breast cancer 

specialists think that the fluorescence in situ 

hybridization test (FISH)  is more accurate and exact 

than IHC. However, it is expensive and takes longer to 

get the results; therefore, the IHC test is done first. 

Grading of immunohistochemistry assays is based on a 

0, 1+, 2+, and 3+ scoring system. According to the 

package inserts of immunohistochemistry assays, tumor 

specimens that demonstrate strong complete membrane 

staining in >10% of tumor cells are classified as 3+ on 

immunohistochemistry and constitute an unequivocal 

positive results. Immunohistochemistry of HER2 results 

was generally divided into four scale scores the range 

(from 0 to 3+) depending on the percentage of positive 

tumor cells and staining intensity
46

. 

Immunohistochemistry is a simple to carry out than 

fluorescence in situ hybridization and is lesser expensive 

about 20% of the cost. Human epidermal growth factor 

receptor 2/neu is a proto-oncogene located on the long 

arm of chromosome 17. Many adult tissues, including 

breast, endometrium, prostate, and ovary, normally 

express low levels of the protein encoded for this gene. 

Amplified levels of this gene and its protein product 

have been found in between 20% and 30% of invasive 

breast carcinomas
47

. Determination the variable HER2 

expression also has become an important help in the 

determination of which patients will be candidates for 

the new anti-HER2/neu drug, trastuzumab (Herceptin), 

which has been reported to be of benefit patients with 

breast cancers that overexpress HER2/neu breast cancer. 

HER2 status should be examination in all patients with 

breast cancer. The aim of diagnostic 

immunohistochemical studies have been to explore and 

certify diagnoses by identifying the pathway of 

differentiation of a given tumour
48

. This finding 

confirms that HER2/HER3 dimerization is central for 

HER2 signaling. Amplification or overexpression of 

HER2 take place in approximately 10–30% of 

gastric/gastro esophageal cancers and 20–30% of breast 

cancers and serves as a predictive biomarker and 

prognostic. HER2 overexpression also been seen in 

other cancers like bladder, ovary, lung, endometrium, 

colon, neck and head. Breast cancer remains most 

common cancer diagnosed in women, in spite of 

significant improvements in treatment, and the second 

leading to cause of cancer-related deaths
49

. A serial of 

researches were orientated to find a complex molecular 

heterogeneity which causes malignancy. One such 

discovery was HER2 gene, which is encoded for HER2 

receptors present on the cell surface and that belongs to 

a tyrosine kinase family. This family plays important 
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role in survival, differentiation and growth regulating 

cell by multiple signal transduction pathways and 

participate in cellular proliferation and differentiation
10

, 

but when HER2 is overexpressed, it causes rapid 

progression and poor prognosis of the disease
11

. 

Overexpression of HER2 in breast cancer cause 

increased homodimerization (HER2:HER2) and 

heterodimerization (e.g., HER2:HER3), which initiates a 

strong pro-tumorigenic signaling cascade
50

 when it is 

present in high concentrations, such as in cancer
27

. 

HER2 are present in many solid tumors, including lung, 

head and neck, breast, kidney, colon, ovary, prostate 

brain, and bladder cancers,  and in salivary duct 

carcinomas
43

. So, today HER-2 is a very influential 

factor in the diagnosis and treatment of metastatic 

cancer, because it is one of the main mediators of key 

pathways involved in carcinogenesis, invasive behavior, 

and cell growth, and this detection of HER2 led to 

development and agreement of the first treatment for 

HER2 as a targeted therapy, by using monoclonal 

antibodies. Overexpression of the human epidermal 

growth factor receptor-2 ( HER2 ) gene , this linked with 

a rise risk of recurrence after surgery, rapid tumour 

growth, weak response to conventional chemotherapy 

and shortened survival
37

. 

 

Conclusions 
This study review the role of HER2 diverse cancers, and 

diagnostic by immunohistochemistry assay. 

Immunohistochemistry is a  well-established ancillary 

technique to facilitate the diagnosis of infectious and  

neoplastic  processes and help to diagnosis and as a 

proof to appropriate therapy. 

 

REFERENCES 
1. Kabiraj A., Gupta J., Khaitan T. and Bhattacharya P.T. "Principle 

and techniques of Immunohistochemistry-a review". Int J Biol 
Med Res. 2015; 6(3): 5204-5210. 

2. Stratton M.R., Campbell P.J. and Futreal P.A. "The cancer 
genome". Nature. 2009; 458(7239): 719. 

3. Jemal A., Bray F., Center M.M., Ferlay J., Ward E. and Forman 
D. "Global cancer statistics". CA: a cancer journal for clinicians. 
2011; 61(2): 69-90. DOI:10.3322/caac.20107. 

4. Garraway L.A. and Lander E.S. (2013). "Lessons from the cancer 
genome". Cell. 2013; 153(1): 17-37. 
DOI:10.1016/j.cell.2013.03.002. 

5. Ferlay J., Hery C., Autier P. and Sankaramarayanan R. "Global 
Burden of Breast Cancer Epidemiology". In: Li C, editor: Springer 
New York. 2010; pp:1-19 

6. Bosch A., Eroles P., Zaragoza R., Viña J. R. and Lluch A. "Triple-
negative breast cancer: molecular features, pathogenesis, 
treatment and current lines of research". Cancer treatment 
reviews. 2010; 36(3): 206-215. DOI:10.1016/j.ctrv.2009.12.002. 

7. Cross M. and Dexter T.M. "Growth factors in development, 
transformation, and tumorigenesis". Cell. 1991; 64(2): 271-280. 

8. Wieduwilt M.J. and Moasser M.M. "The epidermal growth factor 
receptor family: biology driving targeted therapeutics". Cellular 
and Molecular Life Sciences. 2008; 65(10): 1566-1584. 
DOI:10.1007/s00018-008-7440-8. 

9. Cappuzzo F. "The human epidermal growth factor receptor 
(HER) family: structure and function". In Guide to targeted 

therapies: EGFR mutations in NSCLC (pp. 7-17). Adis, Cham. 
2014. 

10. Lemmon M.A. and Schlessinger J. "Cell signaling by receptor 
tyrosine kinases". Cell. 2010; 141(7): 1117-1134. 
DOI:10.1016/j.cell.2010.06.011. 

11. Bublil E.M. and Yarden Y. "The EGF receptor family: 
spearheading a merger of signaling and therapeutics". Current 
opinion in cell biology. 2007; 19(2): 124-134. 
DOI:10.1016/j.ceb.2007.02.008. 

12. Wolff A.C., Hammond M.E.H., Hicks D.G., Dowsett M., McShane 
L.M., Allison K.H., Allred D.C., Bartlett J.M., Bilous M., 
Fitzgibbons P. and Hanna W. "Recommendations for human 
epidermal growth factor receptor 2 testing in breast cancer: 
American Society of Clinical Oncology/College of American 
Pathologists clinical practice guideline update". Archives of 
Pathology and Laboratory Medicine. 2013; 138(2): 241-256. 
DOI:10.1200/JCO.2013.50.9984. 

13. Bang Y.J., Van Cutsem E., Feyereislova A., Chung H.C., Shen 
L., Sawaki A., Lordick F., Ohtsu A., Omuro Y., Satoh T. and 
Aprile G. "Trastuzumab in combination with chemotherapy versus 
chemotherapy alone for treatment of HER2-positive advanced 
gastric or gastro-oesophageal junction cancer (ToGA): a phase 
3, open-label, randomised controlled trial". The Lancet. 2010; 
376(9742): 687-697. 

14. Kanthala S., Gauthier T. and Satyanarayanajois S. "Structure–
activity relationships of peptidomimetics that inhibit PPI of HER2‐
HER3". Biopolymers. 2014; 101(6): 693-702. 
DOI:10.1002/bip.22441. 

15. Kurata T., Tsurutani J., Fujisaka Y., Okamoto W., Hayashi H., 
Kawakami H., Shin E., Hayashi N. and Nakagawa K. "Inhibition 
of EGFR, HER2 and HER3 signaling with AZD8931 alone and in 
combination with paclitaxel: phase I study in Japanese patients 
with advanced solid malignancies and advanced breast cancer". 
Investigational new drugs. 2014; 32(5): 946-954. 
DOI:10.1007/s10637-014-0112-7. 

16. Sadeghi S., Tabatabaeian H. and Hojati Z. (2015). "THE 
MOLECULAR ROLE OF HUMAN EPIDERMAL GROWTH 
FACTOR 2 (HER2) IN BREAST CANCER". IJAPBS. 2015; 4(3): 
78-91. 

17. Iqbal N. and Iqbal N. "Human epidermal growth factor receptor 2 
(HER2) in cancers: overexpression and therapeutic implications". 
Molecular biology international. 2014; 2014: 852748. 
DOI:10.1155/2014/852748. 

18. Barh D. and Gunduz M. (2015). "Noninvasive Molecular Markers 
in Gynecologic Cancers". CRC Press. 2015; pp: 427. 

19. Gutierrez C. and Schiff R. "HER2: biology, detection, and clinical 
implications". Archives of pathology & laboratory medicine. 2011; 
135(1): 55-62. DOI:10.1043/2010-0454-RAR.1. 

20. Sasso M., Bianchi F., Ciravolo V., Tagliabue E. and Campiglio M. 
"HER2 splice variants and their relevance in breast cancer". 
Journal of Nucleic Acids Investigation. 2011; 2(1): 9. 
DOI https://doi.org/10.4081/jnai.2011.2454 

21. Baum R.P., Prasad V., Müller D., Schuchardt C., Orlova A., 
Wennborg A., Tolmachev V. and Feldwisch J. "Molecular imaging 
of HER2-expressing malignant tumors in breast cancer patients 
using synthetic 111In-or 68Ga-labeled affibody molecules". 
Journal of nuclear medicine. 2010; 51(6): 892-897. 
DOI:10.2967/jnumed.109.073239. 

22. Mitri Z., Constantine T. and O'Regan R. "The HER2 receptor in 
breast cancer: pathophysiology, clinical use, and new advances 
in therapy". Chemotherapy research and practice. 2012; 2012: 
743193. DOI:10.1155/2012/743193. 

23. Rüschoff J., Hanna W., Bilous M., Hofmann M., Osamura R.Y., 
Penault-Llorca F., Van De Vijver M. and Viale G. "HER2 testing 
in gastric cancer: a practical approach". Modern Pathology. 2012; 
25 (5): 637. 

Sci. J. Med. Res., Vol. 3, Issue 9, pp 32- 38,  Winter   2019                                                                                                                      37 
. 

https://doi.org/10.3322/caac.20107
https://doi.org/10.1016/j.cell.2013.03.002
https://doi.org/10.1016/j.ctrv.2009.12.002
https://doi.org/10.1007/s00018-008-7440-8
https://doi.org/10.1016/j.cell.2010.06.011
https://doi.org/10.1016/j.ceb.2007.02.008
https://doi.org/10.1200/JCO.2013.50.9984
https://doi.org/10.1002/bip.22441
https://doi.org/10.1007/s10637-014-0112-7
https://doi.org/10.1155/2014/852748
https://doi.org/10.1043/2010-0454-RAR.1
https://doi.org/10.4081/jnai.2011.2454
https://doi.org/10.2967/jnumed.109.073239
https://doi.org/10.1155/2012/743193


 

24. Chiosea S.I., Williams L., Griffith C.C., Thompson L.D., Weinreb 
I., Bauman J.E., Luvison A., Roy S., Seethala R.R. and 
Nikiforova M.N. "Molecular characterization of apocrine salivary 
duct carcinoma". The American journal of surgical pathology. 
2015; 39(6): 744-752. 

25. Aster J.C. and Abbas A.K. "Robbins basic pathology". 2013. 
26. Buza N., Roque D.M. and Santin A.D. "HER2/neu in endometrial 

cancer: a promising therapeutic target with diagnostic 
challenges". Archives of Pathology and Laboratory Medicine. 
2014; 138(3): 343-350. DOI:10.5858/arpa.2012-0416-RA. 

27. Normanno N., De Luca A., Bianco C., Strizzi L., Mancino M., 
Maiello M.R., Carotenuto A., De Feo G., Caponigro F. and 
Salomon D.S. "Epidermal growth factor receptor (EGFR) 
signaling in cancer". Gene. 2006; 366(1): 2-16. 
DOI:10.1016/j.gene.2005.10.018. 

28. Yan M., Schwaederle M., Arguello D., Millis S.Z., Gatalica Z. and 
Kurzrock R. "HER2 expression status in diverse cancers: review 
of results from 37,992 patients". Cancer and Metastasis Reviews. 
2015; 34(1): 157-164. DOI:10.1007/s10555-015-9552-6. 

29. Hsu J.L. and Hung M.C. "The role of HER2, EGFR and other 
receptor tyrosine kinases in breast cancer". Cancer and 
Metastasis Reviews. 2016; 35(4): 575-588. DOI:10.1007/s10555-
016-9649-6. 

30. Esteva F.J. and Pustztai L. "Optimizing outcomes in HER2-
positive breast cancer: the molecular rationale". Oncology-
Melville. 2005; 19(13 Suppl 5):4. 

31. Schlessinger J. "Receptor tyrosine kinases: legacy of the first two 
decades". Cold Spring Harbor perspectives in biology. 2014; 
6(3):  pii: a008912. DOI:10.1101/cshperspect.a008912. 

32. Tai W., Mahato R. and Cheng K. "The role of HER2 in cancer 
therapy and targeted drug delivery". Journal of controlled release. 
2010; 146(3): 264-275. DOI:10.1016/j.jconrel.2010.04.009. 

33. Cho H.S. and Leahy D.J. "Structure of the extracellular region of 
HER3 reveals an interdomain tether". Science. 2002; 297(5585): 
1330–1333. 

34.  Olayioye M.A. "Update on HER-2 as a target for cancer therapy: 
intracellular signaling pathways of ErbB2/HER-2 and family 
members". Breast Cancer Research. 2001; 3 (6): 385–389.  

35. Yaziji H., Goldstein L.C., Barry T.S., Werling R., Hwang H., Ellis 
G.K., Gralow J.R., Livingston R.B. and Gown A.M. "HER-2 
testing in breast cancer using parallel tissue-based methods". 
JAMA. 2004; 291(16): 1972-1977. 
DOI:10.1001/jama.291.16.1972. 

36. Slamon D.J., Clark G.M., Wong S.G., Levin W.J., Ullrich A. and 
McGuire W.L. "Human breast cancer: correlation of relapse and 
survival with amplification of the HER-2/neu oncogene". Science. 
1987; 235(4785): 177–182. 

37. Nitta H., Kelly B.D., Allred C., Jewell S., Banks P., Dennis E. and 
Grogan T.M. "The assessment of HER2 status in breast cancer: 
the past, the present, and the future". Pathology international. 
2016; 66(6): 313-324. DOI:10.1111/pin.12407. 

38. Musa Z.A., Qasim B.J. and Al Shaikhly A.W.A. "Evaluation of 
Immunohistochemistry-Equivocal (2+) HER2 Gene Status in 
Invasive Breast Cancer by Silver DNA in Situ Hybridization 
(SISH) and its Association with Clinicopathological Variables". 
Iranian journal of pathology. 2017; 12(1): 9-19. 

39. Ross J.S., Fletcher J.A. "The HER-2/neu oncogene in breast 
cancer: prognostic factor, predictive factor, and target for 
therapy". Stem Cells. 1998; 16(6):413-28. 
DOI:10.1002/stem.160413. 

40. Duraiyan J., Govindarajan R., Kaliyappan K. and Palanisamy M. 
"Applications of immunohistochemistry". Journal of pharmacy & 
bioallied sciences. 2012; 4(2): S307-9. DOI:10.4103/0975-
7406.100281. 

41. Okoye J.O. and Nnatuanya I.N. "Immunohistochemistry: A 
revolutionary technique in laboratory medicine". Clinical Medicine 
and Diagnostics. 2015; 5(4): 60-69. 

42. Abd-Elkareem M. "Cell-specific immuno-localization of 
progesterone receptor alpha in the rabbit ovary during pregnancy 
and after parturition". Animal reproduction science. 2017; 180: 
100-120. DOI:10.1016/j.anireprosci.2017.03.007. 

43. Zhang X., Sun Y., Wang P., Yang C. and Li S. "Exploration of the 
molecular mechanism of prostate cancer based on mrna and 
miRNA expression profiles". OncoTargets and therapy. 2017; 10: 
3225-3232. DOI:10.2147/OTT.S135764. 

44.   Hornick J.L. "Novel uses of immunohistochemistry in the 
diagnosis and classification of soft tissue tumors". Modern 
Pathology. 2014; 27(1): S47-63. 
DOI:10.1038/modpathol.2013.177. 

45. Dias-Polak D., Geffen Y., Ben-Izhak O. and Bergman R. "The 
Role of Histopathology and Immunohistochemistry in the 
Diagnosis of Cutaneous Leishmaniasis Without “Discernible” 
Leishman–Donovan Bodies". The American Journal of 
Dermatopathology. 2017; 39(12): 890-895. 
DOI:10.1097/DAD.0000000000000861. 

46.  Abrahao-Machado L.F. and Scapulatempo-Neto C. "HER2 
testing in gastric cancer: An update". World Journal of 
gastroenterology. 2016; 22(19): 4619-25. 
DOI:10.3748/wjg.v22.i19.4619. 

47. Gown A.M. "Genogenic immunohistochemistry: a new era in 
diagnostic immunohistochemistry". Current Diagnostic Pathology. 
2002; 8(3): 193-200. 

48. Siegel R., Ma J., Zou Z. and Jemal A. "Cancer statistics". CA: a 
cancer journal for clinicians. 2014; 64(1): 9-29. 

49. Holbro T., Beerli R.R., Maurer F., Koziczak M., Barbas C.F., 3rd, 
Hynes NE. "The ErbB2/ErbB3 heterodimer functions as an 
oncogenic unit: ErbB2 requires ErbB3 to drive breast tumor cell 
proliferation". Proceedings of the National Academy of Sciences 
of the United States of America. 2003;100(15):8933–8938. 
DOI:10.1073/pnas.1537685100.  

50. Yan M., Parker B.A., Schwab R. and Kurzrock R. "HER2 
aberrations in cancer: implications for therapy". Cancer treatment 
reviews. 2014; 40(6): 770-780. DOI:10.1016/j.ctrv.2014.02.008. 

 

38                                                                                                                             Ismail R.SH.,  Issa A.H. and  Almayah A.A., 2019 
. 

https://doi.org/10.5858/arpa.2012-0416-RA
https://doi.org/10.1016/j.gene.2005.10.018
https://doi.org/10.1007/s10555-015-9552-6
https://doi.org/10.1007/s10555-016-9649-6
https://doi.org/10.1007/s10555-016-9649-6
https://doi.org/10.1101/cshperspect.a008912
https://doi.org/10.1016/j.jconrel.2010.04.009
https://doi.org/10.1001/jama.291.16.1972
https://doi.org/10.1111/pin.12407
https://doi.org/10.1002/stem.160413
https://doi.org/10.4103/0975-7406.100281
https://doi.org/10.4103/0975-7406.100281
https://doi.org/10.1016/j.anireprosci.2017.03.007
https://doi.org/10.2147/OTT.S135764
https://doi.org/10.1038/modpathol.2013.177
https://doi.org/10.1097/DAD.0000000000000861
https://doi.org/10.3748/wjg.v22.i19.4619
https://doi.org/10.1073/pnas.1537685100
https://doi.org/10.1016/j.ctrv.2014.02.008

