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Abstract 

Background: Human epidermal growth factor receptor 2 (HER2-neu) is a proto-oncogene that 

has been commonly altered in serous ovarian carcinoma (SOC). In Sudan, there is scarce 

published data about HER2-neu alteration in SOC. Given the ethnic variation, this study was 

conducted to detect HER2-neu overexpression and HER2-neu gene amplification and correlate it 

with tumour grade, and age incidence among Sudanese women with SOC.                                               

Objective: To study the alteration of human epidermal growth factor receptor-2 in high-grade 

serous ovarian adenocarcinoma among Sudanese women.                                                                                                                                    

Materials and methods: This was a cross-sectional study enrolling 60 cases of formalin-

fixed paraffin-embedded (FFPE) tissues of women previously diagnosed with SOC at different 

governmental hospitals in Khartoum State during the period from 2013-2018.                                                  

Tissue microarray slides (TMA) and FFPE sections (for the RNA extract) were used. 

Immunohistochemistry (Bio-Genex, CA) and quantitative real-time PCR (q-PCR) methods 

(Qiagen, Hilden, Germany) were used to analyze HER2-neu overexpression and gene 

amplification respectively.                                                                                                                       

Results: HER2-neu immunohistochemical overexpression was detected in 38 cases (63.3%) of 

SOC; and was detected in 11 old patients (73.3%) rather than in 11 young patients (52.4%); with 

p-value = 0.412.                                                                                                                                                       

High-grade expression level was found in 36 patients (66.7%), and low-grade expression was 

detected among 2 patients (33.3%) with SOC (p = 0.108). On the other hand, HER2-neu gene 

amplification was found in 6 patients (60.0%) with HGSOC: 2 of them were old patients (100%) 

and 4 were young patients (66.7%); p = 0.054.                                                                                 

Conclusion: High-grade serous carcinoma harbors an insignificant high expression in both 

HER2/neu gene amplification and overexpression with high levels in old Sudanese women.         
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Introduction 

Ovarian carcinoma (OC) is the leading cause of death from gynecologic malignancy worldwide, 

with more than 300,000 likely novel cases, and more than 190,000 possible deaths in 2020. 

Epithelial ovarian carcinoma (EOC) is a heterogeneous disease including five major subtypes 

with various molecular features and clinical manners. Equally, the major histo-type, high-grade 

serous ovarian carcinoma (HGSOC) makes up to 70–80% of deaths from all OC, and its 

molecular landscape is well-considered1.                                                                                                                   

In Sudan, OC ranked the third most regular tumours among females after breast and cervical 

cancer2.                                                                                                                                                      

Despite current advanced therapy of gynecologic tumours, the vast number of EOC diagnosed 

with advanced stage, and the prognosis remains poor. Human epidermal growth factor receptor 2 

(HER2; Erb B2/neu) is a 185 kDa trans-membrane glycoprotein. HER2/neu amplification is 

involved in more aggressive courses of cancer cells, such as angiogenesis, invasion, and 

metastasis3.                                                                                                                                                    

The activity of this molecule is recognized in a sub-group of breast cancer and is strongly linked 

with increased tumour recurrence and poor prognosis. In OC, HGSOC verified aberrant 

activation of the HER2/neu gene pathways in a significant measurement with up to 66% cases 

harbour HER2/neu amplification and/or HER2/neu over-expression4.                                               

Given the ethnic difference, this study was conducted to detect HER2/neu overexpression and 

gene amplification, then to correlate the findings with the clinical diagnosis, tumor grade, and 

age incidence in Sudanese women with SOC.   

Materials and methods   
 

This was a cross-sectional study investigating 60 cases of formalin-fixed paraffin-embedded 

(FFPE) tissues of women previously diagnosed as cases of serous ovarian carcinoma. Specimens 

were collected from different governmental hospitals in Khartoum State (Sudan) during the 

period from 2013 to 2018. The study was approved by the Scientific Research Committee of 

Alzaiem Alazhari University, Khartoum North, Sudan, and the Ethical Board of the Ministry of 

Health (Sudan). Data  confidentially was maintained, and the information collected from all 

specimens had not been used for any purpose other than this study. Permission to investigate the 

specimens was granted from hospital authorities in Khartoum State. Informed consent from 

patients has been waived by the ethical committees, since patients' identity was anonymized, and 

only laboratory numbers were used.                                                                                                            

Immunohistochemistry and quantitative real-time PCR (q-PCR) methods were used to analyze 

HER2/neu overexpression and gene amplification respectively.                                                                  

Tissue microarray and immunohistochemistry methods:  Immunohistochemical stains were 

performed using formalin-fixed paraffin-embedded (FFPE) tissues on a tissue microarray 

(TMA). The TMA was created by using two cores of 3.0 mm punched from every donor block 

and relocated to an empty paraffin block (recipient block) under the control of an accuracy tool.  

Sections were cut at 4 μm from each paraffin block (recipient block) and mounted on an  
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electrically- charged slides. The sections were deparaffinized in xylene. They were rehydrated 

through graded ethanol (100%, 90%, 70%, 50%, and distilled water). Antigen retrieval was 

performed using a water-bath heat-retrieval technique in 3% hydrogen peroxide. Then the 

sections were washed in phosphate buffer saline (PBS) (pH 7.4), treated with 10% casein 

solution, then the primary antibody (ready-to-use) of mouse monoclonal antibody was added. 

They were rinsed in PBS before being treated with super sensitive polymer-HRP IHC detection 

system (catalogue no QD420-YIKE; BioGenex, CA). The antibody-enzyme complex is then 

made visible by incubation with a chromogenic substrate 3, 3 diaminobenzidines, then washed in 

PBS. Besides Mayer's hematoxylin counterstaining. Positive and negative controls were 

involved. Immunohistochemical analysis for HER2/neu was evaluated by a pathologist. Both the 

quantity of nuclear positivity and the staining intensity were measured. HER2/neu was scored 

according to the intensity as follows: HER2/neu none (0), weak (1+), moderate (2+), or strong 

(3+) in comparison with the positive controls. Only strong and moderate-intensity staining were 

considered as positive results.                                                                                                                                   

RNA extraction and cDNA preparation:  Total RNA was extracted from the FFPE tissue sections 

using the total RNeasy FFPE kit from Qiagen© (Qiagen, Hilden, Germany), according to the 

manufacturer’s guidelines. Quanti-Tect Reverse Transcription Kit (Qiagen) was used to 

synthesize cDNA, according to the manufacturer’s instruction. Then the cDNA was kept at          

(-20°C) until use.                                                                                                                                                     

Quantitative real-time PCR (q-PCR): Amplification of the HER2/neu gene was assessed using 

quantitative real-time PCR (q-PCR), performed in ViiA™ 7 Real-Time PCR System (Applied 

Bio-systems, Foster City, CA, USA) using the Quanti-TectSYBR Green PCR Kit (Qiagen). 

DNA was standardized to long intersperse elements (LINE1), which is a repetitive element with 

a comparable copy number per haploid genome, equally in normal DNA samples and cancer 

cells5.                                                                                                                                                         

Primers to gene sequences were:                                                                                                                  

* HER2/neu: F, 5′-ATCTGCCTGACATCCACG-3′.                                                                                                   

R, 5′- GCAATCTGCATACACCAGTTC-3′.                                                                                   

* LINE1: F, 5'-CCGCTCAACTACATGGAAACTG-3'.                                                                                                  

R, 5'-GCGTCCCAGAGATTCTGGTATG-3'.                                                                                                       

The entire reaction volume of 20μl was obtained by adding the subsequent solution of 10μl of 

SYBR Green Master Mix, 8μl RNA free water, 1μl forward and reverses primers (Macrogen, 

Korea), and 1μl cDNA. The subsequent cycling situations were used: 95°C for 5 mints; 50 cycles 

with an annealing temperature of 55°C for 30s; and completion with an extension step at 72°C 

for 30s for both HER2/neu and LINE1 primers. A negative control (nuclease-free water as an 

alternative of cDNA) was combined in every run. A melting curve was reached to offer sign for                         

a solitary reaction product. The relative quantification for HER2/neu gene was considered using 

the 2- ΔΔCt method (22) which denotes the variance between the (ΔCt of the tumours - ΔCt of 

average normal tissues), while the ΔCt being the values of the (Ct of the HER2/neu gene-Ct of 

the LINE1 gene).                                                                                                                                                

Values > 2.0 were measured as positive for gene amplification.                                                               

Statistical analysis was performed using the Statistical Package for Social Sciences (IBM SPSS), 

version 24. Descriptive analysis was done for all variables. Fisher’s exact test was done between  
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HER2neu gene over expression and amplification, and tumour grade, and ages for finding the  

statistical significance. p = < 0.05 was considered to be statistically significant. 

Results                                                                                                                                                               

The study included 60 cases. The participants’ age incidence ranged from 15 to 93 years, with an 

average mean age of 44.49 years.                                                                                                                                             

As shown in Table (1), a high frequency rate of HER2-neu over-expression was found among 

old patients (11/ 73.3%), and a rather low frequency rate among young patients (11/52.4%). On 

the other hand, a high frequency rate of HER2-neu gene amplification was found among old 

patients (2/100%), and a low frequency rate among young patients (4/66.7%). The association of 

gene amplification with over-expression and age was found insignificant.                                                      

(Fisher’s exact test: p = 0.054 and 0.412 respectively).            

Table (1): Association of HER2-neu gene overexpression status                                                                          

with tumour grades and age incidence among patients with serous ovarian cancer 

 

Parameter 
 

HER2-neu gene overexpression   
 

p-value 

      Tumour grades: 

                        High grade 

                       Low grade 

 

36 (66.7%) 

  2 (33.3%) 

 

0.108 

      Tumour age incidence: 

                          ≤ 50 years 

                          > 50 years 

 

  11 (52.4%) 

  11 (73.3%) 

 

0.412 

Total 60 patients 
 

Out of the 60 SOC cases, 54 patients were found to be harboring a high grade serous ovarian 

carcinoma (HGSOC) and 6 patients were found to harbor a low grade serous ovarian carcinoma 

(LGSOC). Also, the current study revealed the presence of HER2-neu overexpression among 38 

(63.3%) of the SOC patients. Similarly, HER2-neu gene amplification was revealed among            

6 (60.0%) of the HGSOC patients.                                                                                                            

Furthermore, as shown in Fig. (1), a high overexpression frequency rate was detected in high-

grade tumours (36/66.7%), and a low overexpression frequency rate was detected in low-grade 

tumours (2/33.3%). There was no significant association between the HER2-neu overexpression 

and tumour grades (p = 0.108). 

Discussion 

HER2-neu overexpression can trigger intracellular signalling pathways related to cell 

proliferation, survival, and differentiation, and it is linked with poor prognosis in breast cancer. 

Conversely, its role in OC is controversial. Most current reports verified that the expression of 

HER2-neu was a predictor of poor prognosis for OC. In contrast, others revealed that the HER2-

neu overexpression had no impact on the survival of OC patients6, 7.                                                      
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Fig. (1): Frequency rate of HER2-neu overexpression per tumour grades 

There is a great variation in the frequency rate of HER2-neu gene amplification in ovarian 

cancer. Earlier studies reported low frequency rates of HER2-neu amplification: 11%8, 14%9, 

and 20%10 of cases. Low frequency rates of HER2-neu amplification were reported in 2.7%11 of 

cases, and high frequency rates in 26% 3.7% of cases12.                                                                    

However, our study showed a high-frequency rate (60.0%) of HER2-neu gene amplification in 

HGSOC, which suggests the main role of HER2-neu amplification in the activation and 

progression of HGSOC among Sudanese women.                                                                                        

On the other hand, previous studies revealed that the frequency rates of HER2-neu 

overexpression ranged from 2% to 66%13, and is more frequently seen in the serous subtype. The 

current study showed presence of HER2-neu overexpression in 63.3% of SOC cases. This result 

agreed with Matsuo and his colleagues who reported that HER2-neu overexpression was (68.3%) 

among 121 cases of high-grade serous carcinomas14.                                                                                    

However, our findings disagreed with Sueblinvong and his co-workers15 who reported presence 

of HER2/neu overexpression in 16.7% of serous carcinoma, and Shang and his co-authors16 who 

reported HER2-neu overexpression in 29.2% of serous carcinomas. The differences in results in 

the present study and these previous studies may be explained by the ethnic variations and the 

small sample size in our study.                                                                                                                     

However in Sudan, Hussein and his colleagues17 were able to detect HER2-neu overexpression in 

(8/17%) of serous carcinoma cases, and this discrepancy may attributed to their small sample 

size.                                                                                                                                                            

Regarding the association of HER2-neu overexpression with tumour grades, the present context 

agreed with the study conducted by Asadinejad and his co-workers18 who reported no significant 

association between Her2-neu overexpression and tumour grades. Also, Sueblinvong19 and 

Chay20 and their co-authors had reported no correlation between HER2-neu overexpression and 

tumour grades.                                                                                                                                                      

The dissimilarity in these results and the varied range of frequency rates in HER2-neu 

overexpression may be justified by the ethnic variations. However, we should also consider the 

effect of the immunohistochemical staining method, the kits used, the sensitivity and specificity  
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of antibodies used, the changes in antigen expression and inappropriate fixation, and the scoring 

method of the positive results.                                                                                                                               

Recommendations: This study has a small, limited sample size; however, future studies with 

larger sample sizes and more additional data (stage at diagnosis, chemotherapy, radiation) can 

probably verify the outcome of this study. The impact of combining other genes, which exist in 

the HER family, should also be inspected. In sustenance of currently published works, our 

observations support initial reports signifying that altered HER2/neu has a significant role in the 

activation and progression of HGSOC and might offer a plan for targeted therapy and prognostic 

assessment.                                                                                                                                         

Conclusion: High-grade serous carcinoma harbors an insignificant high expression in both 

HER2/neu gene amplification and overexpression with high levels in old Sudanese women.        
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