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The Frequency of the v-AKT Murine Thymoma Viral Oncogene Homologue 1 Gene Amplification 

among Sudanese Women with Ovarian Cancer: A Cross-Sectional Study 

Rawia Eljaili Elmassry1, Aisha Osman Mohammed1, Nassr Eldin M. A. Shrif2, Lubna Elnajeb1, Nazik 

Elmalaika Husain3. 

Abstract 

Objectives: Protein kinase B (AKT/PKB) family is frequently altered in ovarian cancer (OC). In Sudan, there 

is a scarcity of published information about the AKT1 gene in Sudanese women with OC. The study was 

conducted to detect the AKT1 gene amplification and its association with tumour types, grades, and ages 

in Sudanese women suffering from OC. 

 Results: This a retrospective, cross sectional study comprised 79 cases of OC diagnosed women. The mean 

age (±SD) of involved women was 49.29 (± 13.612). Out of seventy-nine cases, amplification was showed 

in (22.8%) of OC women. It was noted in (50%) of undifferentiated, (33.3%) clear cell, (27.3%) mucinous, 

(17.6%) endometrioid, and (16.7%) serous carcinomas. The high frequency was seen in women with low 

(26.3%) than in higher (19.5%) grade carcinoma, and in older (25.8%) than younger (18.2%) women. The 

study recognized AKT1 gene amplification in about one-fifth of cases. It is seen more in the 

undifferentiated and clear cell types. Also, we found that amplification had a role in the progress of the 

early grade of ovarian cancer. These outcomes reveal the role of AKT1 gene in OC progression and might 

offer a strategy for treatment and prognostic assessment of OC patients.  

Keywords: AKT1 gene, amplification, grade, ovarian cancer, age, q-PCR, targeted therapy, prognosis. 

Introduction 

Ovarian cancer (OC) is considered a fatal disease among gynaecological cancers. Annually, it marked 

around 0.2 million ladies worldwide and about 0.125 million deaths (1). The deadly type of OC is epithelial 

ovarian cancer (EOC). The majority (>75%) of patients are typically diagnosed in advanced stage (2) as of 

unfortunate early discovery, recurrence, and further metastasis. For these reasons, the prognosis keeps 

on the poor, the mortality rate is the top, and the five-year survival rate of advanced-stage patients is 

nearby 30% (3). Chemotherapy, the first-line treatment for OC, composed mainly of platinum and taxane, 

does not affect overall survival (4). Despite most patients firstly respond to cytoreductive surgery and 

platinum-based chemotherapies; still, several ultimately progress chemo-resistant tumours, relapse, and 

die (5).  

The serine/threonine kinase (AKT), also identified as protein kinase B (PKB), is an oncogenic family of 

proteins with a molecular weight ~60 kDa (6). It controls cell growth, survival, proliferation, glycogen 

metabolism (7), protein synthesis, genome constancy, and apoptosis in response to diverse growth factors 

and extracellular stimuli (8). There are three types of AKT, termed PKBα (AKT1), PKBβ (AKT2), and PKBγ 

(AKT3), and all AKT types are linked with cancer progress (9). Among them, amplification and over-

expression of AKT2 are frequently detected in OC (6). Akt1 is activated indirectly by insulin and growth 

factors and is downstream of the phospholipid kinase PI3-K (10). PDK1 and mTORC2 phosphorylate AKT1 

at the threonine 308 and 473 sites, respectively (11), while PIP3 recruits it to the membrane (12).  

In cancer, AKT is often activated through a range of mechanisms, comprising amplification of growth 

factor receptors (e.g., HER2/neu and EGFR) (13), amplification or mutation of phosphatidylinositol 3-
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kinase (PI3K), and amplification or mutation of AKT isoforms. All these mechanisms can be blocked, so 

AKT has been widely discovered as an anticancer target therapy (14).  

Main text 

Material and methods 

This retrospective, cross-sectional study was comprised of seventy-nine (79) adult women diagnosed with 

OC at Omdurman Maternity Hospital between 2013 and 2018. The included OC cases were adults with 

histologically confirmed ovarian cancer. The socio-demographic data were retrieved from the patients’ 

records and were collected in the period “2016 and 2018”. 

RNA extraction, cDNA synthesis, and quantitative real-time PCR (q-PCR)  

The strategy for total RNA extraction and cDNA production and storage was finished in a similar manner 

that was referenced in our past inspection. Also, for q-PCR, the convention and machine were utilized 

equally like a similar strategy in our previous study (15). The Primers were (AKT1 F, 5′-

ACGGGCACATTAAGATCACA-3′); R, 5′ TGCCGCAAAAGGTCTTCATG-3′) and (LINE1 F, 

5'CCGCTCAACTACATGGAAACTG-3'); R, 5'- GCGTCCCAGAGATTCTGGTATG-3'). At that point, the 

amplification was evaluated by recognizing the relative quantification utilizing the 2-ΔΔCt strategy (16). To 

decide amplification values greater than 2.0 were estimated to be positive. 

Statistical analysis 

We use SPSS, version 24 (IBM SPSS) to analysis the results. Descriptive analysis was done for variables 

(tumour types, grades, and ages of women). Fisher’s exact test was completed between AKT1 gene 

amplification and tumour types, grades, and ages to catch statistical significance. P-value < 0.05 was 

measured as statistically significant. 

Results 

This study included seventy-nine (79) ovarian cases, with age range 18-75 years, the median age was 50 

years, and the mean (±SD) was 49.29 (± 13.612). Women in the age groups > 50 years were (46.8%), and 

≤ 50 years accounted for (39.2%). AKT1 gene amplification was detected in 22.8% of OC women. Figure 1 

shows its frequency in each tumour type. The high frequency was seen in women with low (26.3%) rather 

than in higher (19.5%) grade carcinomas, as seen in Figure.2, and in older (25.8%) rather than younger 

(18.2%) women. No significant association between AKT1 gene amplification and tumour types, grades, 

and ages of women was observed (Fisher’s Exact test: p = 0.405, 0.593 and 0.851, respectively).  

Discussion 

The AKT family controls cell survival, growth, proliferation, and apoptosis (7). And its activity is frequently 

elevated in ovarian cancer (17). In this study, we assessed the AKT1 gene amplification in Sudanese 

women with OC. We found AKT1 gene amplification in 22.8% OC, although, our study  

was disagreed with the previous study described by TCGA analysis (3%) (18), however, is agreed with 

Despierre et al. (26.3%) (19). The AKT has several targets (20) and comprises three different isoforms: 

AKT1-3, which shares a high degree of structural resemblance and activation (21), encouraging us to 

compare our results with the AKT2 gene amplification. The frequency of AKT1 amplification in the current 

study is higher than that of Cheng et al.; they reported AKT2 gene amplification in 13% of primary OC (22). 
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On the other hand, Altomare et al. revealed p-AKT overexpression in 68% OC (23), and Abubaker et al. 

identified p-AKT overexpression in 52.1% of OC (24). Regarding tumour types, previous studies determine 

that AKT activation is common in high-grade, late-stage serous ovarian carcinoma (25-28). On the other 

hand, our results reveal that high-grade serous carcinoma is harbouring a low frequency of amplification. 

The lack of consistency in the frequency of AKT1 amplification in OC can be due to differences in sample 

size, ethnic background, the tumour’s biology, and method’s sensitivity. Concerning the association of 

AKT1 gene amplification with tumour grades, the present study agreed with Nakayama et al. (25) in which 

amplification of AKT2 has been reported in only 18.2% of the high-grade tumours.  

Conclusions 

The current study showed that AKT1 gene amplification relatively arises in around one-fifth of Sudanese 

women with OC. It is seen more in undifferentiated and clear cell types. Also, we found that amplification 

had a role in the progress of the early grade of ovarian cancer, which might offer a strategy for treatment 

and prognostic assessment of ovarian cancer patients.  

Limitations  

The small sample size and little data limited our study. Supplementary studies with improved sample size 

and more added data (e.g., stage at diagnosis, chemotherapy, radiation) can probably verify this study’s 

outcome. The impact of combining other genes, co-existing in the AKT family, should also be inspected. 
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Figure.1: The amplification rate of the v-akt murine thymoma viral oncogene homologue 1 (AKT1) 

gene amplification rendering to tumour types in ovarian cancer. 

 

 

Figure.2: The amplification rate of the v-akt murine thymoma viral oncogene homologue 1 (AKT1) 

gene rendering to tumour grade in ovarian cancer. 
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