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Introduction                                                                                                                                                         
Universally, Ovarian Cancer (OC) is the deadliest gynaecological disease, and they constitute the 

fifth mortal disease in women1. It is ranked as the second most frequent gynaecological cancer in 

developing countries and globally2. In 2018, a possible 14.070 associated deaths and 22.240 new 

events were reported in the USA3. Epithelial Ovarian Cancer (EOC) is the most widespread and 

has the highest mortality of OC4, with high-grade serous ovarian cancer classed as the deadliest 

sub-type5. In the United State, generally, EOC is considered an age-related disease; women aged 

> 65 years are considered the target population6. Although the incidence of OCs is decreasing, in 

the majority of cases, distant metastasis is seen at diagnosis7. So, the prognosis for this cancer is 

still terrible, and the 5-year survival rate of a higher stage OCs remains low8. Surgery and 

platinum chemotherapy are the most important treatments of this cancer but are efficient only in 

the early stages9. Severe side effects have been stated with chemo and radiotherapies10. 

Especially, disease recurrence has also been observed in patients with platinum-resistant OC, due 

to short response rate11. Over the past three decades, a number of preclinical and clinical trials 

have been done to identify potential drug applicants against OC12. However, partial 

accomplishment has been reached in the anticancer drug finding against OC and great work still 

remains to be accomplished5. As a result, understanding of aberrantly expressed cancer pathway 

genes responsible for OC progression would be useful to develop prognostic methods and novel 

therapeutics for OC13. Rendering to the latest cancer genomic studies, numerous components of 

foremost cancer signaling pathways have been altered in OC5. Among the altered pathways, the 

AKT pathway has been stated as the frequent altered pathway in OC, making it the most 

essential pathways for therapeutic involvement in OC. 

Outline of the AKT pathway                                                                                                                        

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

family of proteins with a molecular weight ~60 kDa14. It controls cell growth, survival, 

proliferation, glycogen metabolism15, protein synthesis, genome constancy, and apoptosis in 

response to diverse growth factors and extracellular stimuli16. There are three types of AKT,                    
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termed PKBα (AKT1), PKBβ (AKT2), and PKBγ (AKT3), and all AKT types are linked with 

cancer progress17. Among them, amplification and over-expression of AKT2 are frequently       

detected in OC14. AKT is activated indirectly by insulin and growth factors and is downstream of 

the phospholipid kinase PI3-K18. PDK1 and mTORC2 phosphorylate AKT at the threonine 308 

and 473 sites, respectively19, while PIP3 recruits it to the membrane20.                                                               

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

growth factor receptors (e.g., HER2/neu and EGFR)21, amplification or mutation of 

phosphatidylinositol 3-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 

therapy22. 

AKT pathway aberrations in OC                                                                                                 
In addition to upstream activation, aberrant activation of the AKT pathway due to amplification 

or mutations in three AKT isoforms has been found in OC. Mutations in three AKT isoforms 

(AKT1, AKT2, and AKT3) have been detected nearly in 3–5% of distinct cancer types23. A 

frequent point mutation (G > A) at the pleckstrin homology domain (PHD) lead to the switch of 

glutamic acid (E) to lysine (K) in AKT1 (E17 K). Carpten et al. similarly identified this point 

mutation in 1 out of 50 (2%) OC cases24. A current study established tandem duplications and 

point mutations within AKT1 in juvenile granulosa tumors25. AKT2 amplification has been 

stated in OC tumor samples in studies done by Cheng et al26 (in 13% of primary ovarian tumors) 

and Nakayama et al27 (in 18.2% high-grade carcinomas). Copy number gain in AKT2 has 

similarly been stated in OC cases28. While AKT3 mutations are infrequent in OC, a study states 

that AKT3 roles unnecessarily along with AKT1/2 to improve OC growth and proliferation29. 

Targeting the AKT pathway in OC                                                                            
Deregulations in the AKT pathway are actual mutual in cancers together with OC. Abnormal 

activation of this pathway in cancer has been stated over the several genomic changes linked 

with three AKT isoforms5. These aberrations offer a robust background to find potential 

therapeutic targets in the AKT pathway.  Findings of pre-clinical and clinical studies linked to 

the AKT pathway components targeting have maintained the latent efficacy of such efforts30. 

Some pre-clinical and clinical studies have been directed to assess the therapeutic efficacy of 

numerous AKT inhibitors in various sorts of cancer as well as OC31.                                            
Nevertheless, no AKT pathway inhibitor has been permitted by the FDA for the cure of OC. 

Progress of a clinically significant AKT pathway inhibitor for the cure of OC is challenging as 

several drugs have revealed a low response rate (ORR) when used as solitary agents 

(monotherapy), on and off-target toxicities and absence of a prognostic clinical biomarkers to 

measure the sensitivity of pathway inhibitors32. Now, major work in therapeutic lines for OC has 

been intensive on finding selective pathway inhibitors and to study combined treatments AKT 

pathway inhibitors with well-established anti-cancer medications), to improve the therapeutic 

efficacy of AKT pathway inhibitors33. Many of AKT pathway inhibitors have been examined in 

pre-clinical models for OC and pre-clinical indication from investigations linked to the AKT 

pathway inhibitors offers a strong justification for clinical investigations in OC patients32.  
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AKT inhibitors                                                                                                                         
AKT inhibitors quite inhibit the action of AKT. Shared treatment of MK-2206, an allosteric 

AKT inhibitor, and lapatinib created a significant decrease in tumour growth in SKOV-3 tumour 

xenograft model in a dose-dependent mode without toxic signs34. MK-2206 boosted cytotoxic 

and apoptotic latent of cisplatin and paclitaxel in SKOV-3 (AKT active) and ES2 (AKT inactive) 

OC cancer cells35. Ichikawa et al. scanned shared anti-tumour effects of TAS-117, a selective 

non-ATP competitive AKT inhibitor, and some chemotherapeutic drugs in in-vitro and in-vivo 

OC models. Consequences of this study displayed that TAS- 117 can successfully improve the 

cytotoxic effects of fluorouracil, cisplatin, and SN38 in A2780 OC cells. TAS-117 also improved 

the antitumour efficacy of irinotecan and carboplatin in an OC xenograft model36. Perifosine is a 

synthetic AKT inhibitor fits the class of alkyl phospholipids37. By delaying the recruitment of 

AKT to the plasma membrane, perifosine inhibits the stroke of AKT. A study conducted by 

Engel et al. has presented that perifosine can exert significant cytotoxic effects in SKOV-3, 

A2780, OAW42, PA-1 and A2780cis OC cell lines by inhibiting AKT37. Perifosine shared with 

paclitaxel was stated the encourage apoptosis in CaOV-3 OC cells38. Synergistic anti-tumour 

effects of ARQ 092 (AKT inhibitor) and ARQ 087 (FGFR inhibitor) in a cancer cell line panel 

were assessed in a study conducted by Yu et al. Conferring to the results of this study; maximum 

synergism was detected in OC and endometrial cancer cell lines31. Moreover, combined 

treatment of ARQ 092 and ARQ 087 produced inhibition of the AKT signalling pathway in 

IGROV-1 OC cells without encouraging apoptosis39. Several enduring clinical trials assess the 

clinical efficacy of other AKT inhibitors such as BAY1125976, ipatasertib, uprosertib, 

AZD5363, ARQ 751, miransertib, and MSC2363318A (p70S6K and AKT inhibitor) in diverse 

tumour types33. Overall, AKT inhibitors can inhibit PI3K signalling cascade by stopping the role 

of AKT itself, mTORC1/2 or PTEN. Clinically, AKT inhibitors have shown meaningful clinical 

outcomes in early phase clinical examinations32. 

AKT inhibitors: challenges                                                                                                        
Although the suitability of strong pre-clinical and clinical sign of the AKT pathway targeting 

mixtures, very scarce drugs have been accepted clinically for the cancer treatment. Of note, no 

AKT pathway pointing drug has been accepted for clinical use for OC.                                                            
Most of the AKT pathway inhibitors, counting clinically accepted inhibitors have not revealed 

promising results (low ORR) once given as mono-therapies31. Inconsistent activation of AKT1 

was also recognized in some pre-clinical and clinical models after treated with selective 

mTORC1 inhibitors40. 

Conclusion                                                                                                                            
Alteration of the three isoforms of the AKT pathway are reported in OC, making it as a 

significant therapeutic target. Aberrant activation of the AKT pathway in OC has been reported 

mainly through the genomic alterations linked with three AKT isoforms.                                                              
These aberrations offer a robust background to find latent therapeutic targets in the AKT 

pathway. Both the mutations in the major components of the AKT pathway and some outer 

responses have also been contributed to the irregular activation of this pathway in OC.                            
Although a number of AKT pathway inhibitors have been examined in pre-clinical and clinical  

El Massry, et al, 2020, 5 (7)  

http://ajmsc./


4 
 

African Journal of Medical Sciences                      http://ajmsc.info 

trials, many drugs have not progressive into late phase clinical studies due to some reasons. 

Additionally, off-target toxicities and absence of prognostic clinical biomarkers to measure the 

sensitivity of pathway inhibitors have also been recognized as foremost questions. Also 

combinatorial treatment plans have shown promising clinical results. To improve clinical results 

of treatment modalities, more OC histological types-specific clinical trials are mandatory. 
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