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Highlights 

- Targeting the PI3K/Akt/mTOR pathway can potentially modulate the immune 

response in COVID-19 

- Modulating the pathway can potentially mitigate thrombosis in COVID-19 

- Inhibiting components of the pathway has the potential to reduce the viral load 

- Different components in the pathway can be targeted at different stages  

 

Abstract 

Some COVID-19 patients suffer complications from anti-viral immune responses which can 

lead to both a dangerous cytokine storm and development of blood-borne factors that render 

severe thrombotic events more likely. The precise immune response profile is likely, 

therefore, to determine and predict patient outcomes and also represents a target for 

intervention. Anti-viral T cell exhaustion in the early stages is associated with disease 

progression. Dysregulation of T cell functions, which precedes cytokine storm development 

and neutrophil expansion in alveolar tissues heralds damaging pathology.   

T cell function, cytokine production and factors that attract neutrophils to the lung can be 

modified through targeting molecules that can modulate T cell responses. 

Manipulating T cell responses by targeting the PI3K/Akt/mTOR pathway could provide the 

means to control the immune response in COVID-19 patients. During the initial anti-viral 

response, T cell effector function can be enhanced by delaying anti-viral exhaustion through 

inhibiting PI3K and Akt. Additionally, immune dysregulation can be addressed by enhancing 

immune suppressor functions by targeting downstream mTOR, an important intracellular 

modulator of cellular metabolism. Targeting this signalling pathway also has potential to 

prevent formation of thrombi due to its role in platelet activation. Furthermore, this signalling 

pathway is essential for SARS-cov-2 virus replication in host cells and its inhibition could, 

therefore, reduce viral load. 

The ultimate goal is to identify targets that can quickly control the immune response in 

COVID-19 patients to improve patient outcome. Targeting different levels of the 

PI3K/Akt/mTOR signalling pathway could potentially achieve this during each stage of the 

disease. 
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1. Introduction 

The COVD-19 pandemic caused by the SARS-cov-2 virus is a global crisis with the number 

of confirmed cases exceeding 214 million with more than 4.4 million deaths reported by the 

World Health Organisation so far [1]. 



There are often different stages of the disease, with initial flu-like symptoms typically 

associated with an anti-viral immune response, followed, in some patients, by a more 

dangerous cytokine storm characterised by an uncontrolled immune response [2]. This 

second stage is associated with higher morbidity and mortality.  

A third stage is characterised by an increased risk of severe thrombotic events in very ill 

patients with high serum levels of the D-Dimer thrombotic marker [3]. 

Although more than 4.9 billion vaccine doses have been administered globally [1], we are far  

from relying solely on a preventive approach and therapies are still needed to deal with 

different stages of the disease in those infected. This need is further emphasized by the 

emergence of new variants in different parts of the world. 

Two of the main goals identified for the management of COVID-19 patients include the 

diagnosis and management of hyperinflammation and the detection and management of 

increased coagulation, both observed in severe cases. The former can be recognised by 

fever with elevated C-reactive protein while the latter by an increase in D-dimer and 

prothrombin time with reduced fibrinogen [4].  

Here, we will briefly explore how targeting the PI3K/Akt/mTOR pathway can address these 

two goals and dissect how mitigating different components of the pathway can benefit 

COVID-19 patients in different phases of the disease. 

 

 

2. Immune dysregulation 

2.1. Suboptimal anti-viral immune response 

Severe cases of COVID-19 are attributed to malfunctions in the immune response to this 

virus. The suboptimal function of T cells in responding to the virus in early stages is 

associated with severe disease. Disease progression was reported to correlate with the 

exhaustion phenotype of T cells, typically characterised by high PD-1 expression [5]. This 

exhaustion is more commonly observed in an ageing immune system, hence the correlation 

between the patient age and the severity of the disease.  

Therefore, during the early stage of the disease, enhancing the effector arm of the immune 

response is crucial. Many of the immune cells involved in the response to COVID-19 are 

modulated by the PI3K/Akt pathway (Figure 1), specifically, the PI3K-δ isoform is thought to 

be responsible for the modulation of the function of CD8 [6], Tregs [7, 8], B cells , mast cells 

[9] and neutrophils [10]. It therefore comes as no surprise that mutations in this isoform are 

associated with an increased risk of respiratory tract infections, including a gain of function 

mutation that leads to increased activation of Akt resulting in activation induced death in 

lymphocytes [11]. It was therefore suggested that PI3K-δ is a potential target in the 

management of COVID-19 [12], as this was effective in allergic lung inflammation [9, 13]. 



Targeting PI3K with a small molecule pan inhibitor that targets all PI3K isoforms is also 

thought to be effective in the treatment of lung disease murine models including asthma, 

fibrosis [14] and allergic lung inflammation by reducing both inflammatory cytokines and the 

number of eosinophils, neutrophils and lymphocytes [13].  

In patients with gain-of-function mutations in PI3K-δ, it was reported that the phosphorylation 

of the downstream Akt is increased even in resting T cells [15]. This was associated with 

hyperactivation in mTOR. This genotype was found to be associated with senescent, 

terminally differentiated phenotype of CD8 T cells, with a significant deficiency in naïve and 

central memory phenotype [15]. Targeting mTOR in these patients using Rapamycin, 

increased the percentage of naïve T cells and rescued T cell function in vitro [15]. 

Lessons learnt from cancer immunotherapy suggest that small molecule inhibitors can 

modulate T cell responses by mitigating T cell exhaustion and restoring their effector 

potency. We had previously shown that inhibiting the PI3K and Akt component of the 

signalling pathway, specifically the PI3K-δ and the Akt1 and Akt2 isoforms can delay the 

exhaustion of CD8 T cells, maintain their memory phenotype and enhance cytotoxic function 

[6, 16]. Targeting mTOR with Rapamycin was also found to enhance the memory phenotype 

of CD8 T cells [17]. Th17 CD4+ T cells treated with a PI3K-δ inhibitor were found to possess 

superior anti-tumour immunity, which was attributed, at least in part, to the generation of 

central memory like phenotype in these Th17 cells. Interestingly, this effect was not as 

pronounced with pan PI3K inhibition [18]. Furthermore, targeting PI3K and Akt by small 

molecule inhibitors can nullify the activity of the suppressive CD4+ regulatory T cells (Tregs) 

[7, 19]. This enhancement of the effector arm and inhibition of the suppressive arm of the 

immune response proved effective in enhancing the anti-tumour immune responses [6, 7, 

16, 19] and have the potential of enhancing anti-viral immunity during the early stages of 

COVID-19. 

Targeting the PI3K/Akt/mTOR pathway could be crucial in enhancing immune responses in 

the aging immune system not only against the SARS-cov-2 infection, but also in response to 

vaccination. It was reported that mTOR inhibition using the RAD001 inhibitor improved the 

response to influenza vaccination in elderly patients (over the age of 65 years) as measured 

by serologic anti-influenza antibody response and reduced the percentage of T cells 

expressing PD-1 [20]. This could be vital for COVID-19 vaccination, especially with a 

reported correlation between disease progression in COVID-19 and T cells with high PD-1 

expression [5]. 

 

2.2. Exaggerated immune response 



In patients where the disease develops to a severe stage, there is an exaggerated immune 

response resulting in a dangerous, sometimes lethal, cytokine storm, with pro-inflammatory 

IL-6 being implicated as a major contributor to the catastrophic outcomes of the disease.  

Understanding the immunological response to this disease can inform patient therapy. While 

immunosuppressive agents could be used to alleviate the cytokine storm, their use during 

the early phase is considered detrimental as outlined above. However, treatment of the 

cytokine storm with anti-inflammatory drugs including corticosteroids and anti-IL-6R 

antibodies has met some success. The National Institute for Health and Care Excellence in 

UK (NICE) has therefore added dexamethasone, (or hydrocortisone or prednisolone if not 

available) and Tocilizumab (an anti-IL6R antibody) to the management of COVID-19 

guidelines, with Tocilizumab offered to patients who completed or are on a corticosteroid 

course. In the absence of Tocilizumab, another anti-IL6R antibody, Sarilumab, can be 

considered for hospitalised adults [21]. Interestingly, IL-6/IL-6R interaction leads to the 

activation of the PI3K/Akt pathway [22, 23], and therefore its inhibition using Tocilizumab 

could inhibit this pathway. 

Steroids have different inhibitory effects  dependent upon on each type of proinflammatory 

immune ceIl [24]. Glucocorticoid receptor activation has a strong interaction with the 

PI3K/Akt pathway and dexamethasone was found to have a variable effect on the PI3K/Akt 

pathway in different cell types, including the inhibition of PI3K antigen induced activation in a 

basophilic leukaemia cell line [25]. In PBMCs from patients with severe asthma, PI3K 

inhibitors overcame the resistance to in vitro corticosteroid (dexamethasone) treatment and 

led to a significant reduction in IL-8 production [26], suggesting a potential for combining 

both treatments to reduce cytokine production. 

Due to the exaggerated immune response, during the second stage of the SARS-cov-2  

infection, supressing the effector function and enhancing the suppressor function is 

essential. This can be achieved by targeting the downstream molecule in the pathway; 

mTOR using Rapamycin. It has been shown that Rapamycin can significantly enhance the 

proliferation of suppressive Tregs due to a feedback loop that activates the Akt pathway [27-

31]. This proved useful in the treatment of various autoimmune diseases. In fact, due to the 

effect that Akt pathway has on increasing Tregs in the lungs, it has been suggested that 

targeting Akt in COVID-19 patients could potentially suppress the inflammation in the 

patients’ lungs [32].  

An important prognostic marker for severe COVID-19 disease is the neutrophil to 

lymphocyte (NLR) ratio in bronchial lavage [33], where higher ratios of neutrophils are 

associated with poorer outcomes. Th17 T cells, a subtype of T cells, are induced by IL-6 with 

TGF- or IL-21/IL-1 with a primary role in recruiting neutrophils through induction of IL-8 

and G-CSF [34]. Targeting mTOR by rapamycin has been shown to suppress the Th17 



airway inflammation [35, 36], thus could contribute to a decrease in NLR. Rapamycin was 

also shown to improve the clinical outcome in patients suffering from H1N1 associated 

pneumonia [37], suggesting its potential use in the management of COVID-19. 

 

 

3. Thrombosis 

COVID-19-induced cytokine storm leads to micro- and macrovascular thrombosis 

development and is associated with a significant increase in D-dimer and fibrin split 

products.  It has been shown that deaths resulting from COVID-19 are associated with 

significantly higher D-dimer and fibrin degradation product levels compared to survivors [38], 

with D-dimer levels higher than 1 µg/mL being associated with mortality in COVID-19 

patients [39].  

It is thought that increased inflammatory markers and ferritin concentration associated with 

severe COVID-19 sepsis can lead to the activation of pulmonary endothelial cells, which 

could lead to a dysregulation in fibrinolysis and blood vessel permeability. This will ultimately 

contribute to the coagulopathy observed in severe COVID-19 cases [40]. 

Given the clear evidence for the association between COVID-19 and thromboembolism, in 

addition to increased mortality associated with coagulation (71.4% of deaths versus 0.6% of 

survivors had disseminated intravascular coagulation during their hospital stay [38]), it is 

important for clinicians to be able to identify COVID-19 associated coagulopathy at an early 

stage and differentiate it from other conditions such as pulmonary emboli. This will aid in the 

identification of patients with poor prognosis and will help manage these cases with anti-

coagulants as prophylactic or therapeutic measures to reduce morbidity and mortality [41, 

42]. A scoring system for coagulopathy resulting from COVID-19 has therefore been 

proposed to help develop guidelines for anticoagulation treatment [43]. 

 

In addition to anticoagulants, other prophylactic and therapeutic approaches are needed to 

manage intravascular coagulation associated with COVID-19. This is especially important 

given the ongoing concerns regarding the COVID-19 vaccines and the resulting hesitancy 

for the uptake of these life-saving vaccines. 

Targeting the PI3K/Akt/mTOR pathway has the potential to prevent the formation of thrombi 

due to the role of this pathway in platelet activation [44]. Furthermore, in platelets, PI3K 

plays a crucial role for leukocyte extravasation as a response to inflammatory stimuli in 

different models, including the acute lung injury model [45]. Additionally, targeting the 

PI3K/Akt pathway using a pan PI3K inhibitor was found to inhibit the activation of platelets 

and reduce platelet CD40L expression and secretion in a rat sepsis model [46]. The same 

study reported that PI3K inhibition also impaired the sepsis associated damage to 



endothelial cells and suppressed the expression of biomarkers associated with the severity 

of sepsis [46]. Therefore, mitigating signalling in this pathway can serve the dual purpose of 

preventing platelet activation to prevent thrombi, while simultaneously inhibiting leukocyte 

extravasation into the lung, which plays a major role in the pathogenesis of severe COVID-

19 disease. 

In addition to thrombosis, one of the outcomes of COVID-19 is pulmonary fibrosis. 

Interestingly, the PI3K/Akt pathway was identified as a therapeutic target for COVID-19 

associated pulmonary fibrosis and, in a bleomycin-induced lung fibrosis rat model, targeting 

the pathway using D-Limonene was protective against fibrosis [47]. 

 

 

4. Viral load 

Independent of disease severity, blood levels of the inflammatory cytokines IFN-α, IFN-γ, 

TNF-α and TRAIL correlate with viral RNA levels in the nasal passage. During the early 

stages of the infection, patients who developed severe disease had increased levels of IFN-

α, IL-1Ra and cytokines associated with Th1-, Th2- and Th17 T cell responses. On the other 

hand, patients who developed moderate disease had low levels of inflammatory markers and 

an increase in markers of tissue repair [48]. 

The immune profiling of patients with moderate or severe COVID-19 showed an increase in 

innate cells and a reduction in T cells in peripheral blood. Additionally, elevated plasma 

cytokine levels during early stages of the disease were associated with worse patient 

outcomes [49]. The same study also reported that at early stages of the disease, viral RNA 

levels in the nasopharynx did not differ between patients with moderate and severe disease, 

however, there was a slower decrease of viral loads in patients with severe disease who 

required intensive care [49]. Furthermore, there was a significant correlation between the 

viral load and the pro-inflammatory cytokines and there was an early increase in these 

cytokines in patients who died from the disease.  This suggested that immune modulation at 

the early stages of the disease could be beneficial for patient management [49].  

In a study that assessed the viral load in the saliva and in the nasopharynx of COVID-19 

patients, increased salivary viral load was found to be associated with increased levels of IL-

6, IL-18 and other inflammatory markers associated with severe COVID-19. More 

importantly, the salivary viral load was reported to correlate with disease severity and was a 

better predictor of COVID-19 related mortality than the nasopharyngeal viral load [50].  

These findings emphasise the importance of reducing the viral load as early as possible 

during the disease process to improve patient outcome.   



In addition to its role in modulating the immune response, the PI3K/Akt pathway has been 

suggested as a target for the management of COVID-19 due to its involvement in the virus 

entry to the cell [51].  

ACE2 and CD147 expressed on host cells are the two main receptors involved in the 

endosomal viral entry to the cell, while TMPRSS2 and furin contribute to non-endosomal 

viral genome entry. Activation of CD147 and of furin leads to the induction of the PI3K/Akt 

pathway [52] suggesting the potential of targeting the pathway to inhibit the virus entry into 

the host cells.  

The metabolic regulatory complex mTOR has been suggested as a target for COVID-19 

therapy due to its reported role in controlling viral infection ability. While promising, this 

needs to be approached with caution as mTOR plays different roles in the replication and 

release of different viruses [53]. 

Interestingly, some of the approved inhibitors of the PI3K/Akt/mTOR pathway, especially 

rapamycin, which targets mTOR function, were shown to inhibit the replication of viruses 

including the Middle East respiratory syndrome coronavirus (MERS-CoV) [54] and the 

influenza virus [55]. This suggests their potential in inhibiting the replication of SARS-CoV-2. 

The replication of SARS-CoV-2 relies, hypothetically, on changes in glucose metabolism 

similar to the Warburg effect in which the PI3K/Akt pathway plays an important role. Hypoxia 

induces the Warburg effect in pulmonary endothelial cells leading to vasoconstriction and 

thrombosis. The type of glycolysis could also activate pro-inflammatory immune cells and 

delay anti-inflammatory responses which are mostly reliant on oxidative metabolism [56]. 

This emphasises the importance of studying glucose metabolism, in particular the Warburg 

effect, as part of the management strategy for COVID-19 [57], and suggests a potential role 

for the PI3K/Akt/mTOR pathway as a target for mitigating viral replication. 

Indeed, there is already evidence to support this. Transcriptional analysis of human 

pulmonary epithelial cells infected with SARS-CoV-2 identified multiple altered signalling 

pathways. This predicted possible therapeutic targets including two components of the 

PI3K/Akt/mTOR pathway; AKT and mTOR [58]. 

When a proteo-transcriptomics analysis was performed on a SARSCoV-2 infected cell line 

(Huh7, a liver cancer cell line), four pathways were found to be significantly changed during 

the course of infection, one of which is the mTOR signalling pathway. This was further 

validated, and components of the pathway, including Akt were found to be activated in a 

dose-dependent manner. The pan Akt inhibitor MK2206 resulted in a significant reduction in 

virus production as demonstrated by lower viral transcripts both in the cells and the 

supernatant [59]. Although inhibitors of different components of the PI3K/Akt/mTOR pathway 

did not show the same significant effect as MK2206 [59], simultaneously targeting PI3K and 

mTOR, in addition to BRD2/BRD4, identified as therapeutic targets in COVID-19, using the 



inhibitor SF2523 (a small molecule inhibitor that targets the PI3K isoforms α and γ, mTOR, 

BRD4 and DNA-PK) was effective in blocking the replication of SARS-CoV-2 in bronchial 

epithelial cells [60]. 

Similarly, a medium-throughput drug screening library identified protein kinase inhibitors that 

target members of the PI3K/Akt/mTOR pathway as potential therapeutics against SARS-cov-

2 infection [61].  

Genome wide CRISPR screens identified host factors that are crucial for coronavirus 

replication (including SARS-cov-2). Autophagy related genes were found to be required for 

virus replication including TMEM41B and FKBP8 which interact with the PI3K complex that 

drives autophagy [62]. Deletions of PI3K subunits identified by CRISPR screens of two 

common cold coronaviruses led to a decrease in coronavirus replication including the 

replication of SARS-cov-2 [63]. 

 

5. Approved drugs and the potential they offer 

 

There are few drugs that target the PI3K/Akt/mTOR pathway that have been approved by 

the FDA for clinical indications. Table 1 lists the main approved inhibitors and their 

indications in addition to a summary of their adverse reactions. As can be seen, there are 

two drugs that have been approved that target mTOR (rapamycin and everolimus), in 

addition to a number of PI3K inhibitors (pan or isoform specific). To our knowledge, currently 

there are no approved Akt inhibitors, although many are in clinical trials.  

While rapamycin is indicated for kidney transplant patients as a prophylaxis against organ 

rejection, the majority of the other drugs are indicated for cancer treatment due to their direct 

effects on cancer cells [64, 65]. 

A quick look at the adverse reactions associated with these drugs (Table1) points to their 

significant impact on the immune system. While these effects could be severe, it is important 

to emphasise that these are associated with relatively high cancer therapeutic doses.  

When used as immune modulators (as proposed in this mini review), only low doses of these 

drugs are needed to produce the desired effect without impacting the ability of the immune 

system to raise a response against infections. Therefore, the use of inhibitors in this 

essential pathway to modulate the immune system should be approached with caution to 

maximise their benefit while minimizing their adverse effects. 

Given the availability of clinically approved drugs that target different components of the 

PI3K/Akt/mTOR pathway (Table 1), their potential in the management of COVID-19 could be 

explored on their own, or in combination with steroids and anti-IL6R antibodies. While the 

approved inhibitors that target PI3K (pan or isoform specific) can be tested for enhancing the 



antiviral immune response in early stages of the disease, rapamycin has a clear potential in 

tackling the exaggerated immune response during the later phase of the severe disease.  

 

 

Table 1: FDA approved inhibitors of the PI3K/Akt/mTOR pathway [64, 65] 

Drug Target Indication approved for (FDA) Adverse reactions 

Rapamycin 
(Sirolimus, AY 
22989, I 2190A, 
NSC 226080, 
RAPA. 
Rapammune…etc) 

mTOR - Renal transplant patients 
(prophylaxis of organ rejection).  

- Lymphangioleiomyomatosis. 

- Oedema 
- Hypertension 
- Hypertriglyceridemia 
- Hypercholesterolemia 
- Increased creatinine  
- Abdominal pain 
- Diarrhoea 
- Nausea 
- Headache 
- Dizziness  
- Fever 
- Urinary tract infection 
- Upper respiratory tract 

infection 
- Nasopharyngitis 
- Stomatitis 
- Acne 
- Anaemia 
- Thrombocytopenia  
- Arthralgia 
- Myalgia  
- Chest pain 

Everolimus  
(001, RAD,  
40-O-(2-
hydroxyethyl)-
rapamycin, Afinitor,  
Certican…etc 

mTOR - Postmenopausal women with 
advanced hormone receptor-
positive, HER2-negative breast 
cancer (in combination with 
exemestane).  

- Adults with progressive 
neuroendocrine tumours of 
pancreatic origin (unresectable, 
locally advanced or metastatic 
disease).  

- Adults with advanced renal cell 
carcinoma.  

- Adults with renal angiomyolipoma 
and tuberous sclerosis complex  
(not requiring immediate surgery).  

- Patients with tuberous sclerosis 
complex for treating subependymal 
giant cell astrocytoma (cannot be 
curatively resected). 

- Stomatitis 
- Oedema 
- Rash 
- Fatigue 
- Headache 
- Diarrhoea 
- Abdominal pain 
- Nausea 
- Decreased appetite 
- Fever 
- Pyrexia 
- Asthenia 
- Cough 
- Infections 
- Upper respiratory tract 

infection 
- Sinusitis 
- Otitis media 

Idelalisib (870281-
82-6, CAL-101, 
Zydelig, GS-1101) 

PI3K-δ - Relapsed Chronic lymphocytic 
leukemia (in combination with 
rituximab) 

- Relapsed follicular B-cell non-
Hodgkin lymphoma 

- Diarrhoea 
- Nausea 
- Abdominal pain 
- Pyrexia 
- Chills 



- Relapsed small lymphocytic 
lymphoma. 

- Fatigue 
- Cough 
- Pneumonia 
- Rash 

Copanlisib 
(1032568-63-0,  
BAY 80-6946, 
Aliqopa,  
BAY-80-6946) 

Pan PI3K - Adults with relapsed follicular 
lymphoma 

- Hyperglycaemia 
- Diarrhoea 
- Nausea 
- Decreased general strength 

and energy 
- Hypertension 
- Thrombocytopenia 
- Leukopenia 
- Neutropenia 
- Lower respiratory tract 

infections 

Duvelisib 
(COPIKTRA, 
1201438-56-3, IPI-
145, (S)-3-(1-((9H-
Purin-6-
yl)amino)ethyl)-8-
chloro-2-
phenylisoquinolin-
1(2H)-one, INK-
1197) 

PI3K-δ 
and 
PI3K-γ 

- Adults with relapsed or refractory 
chronic lymphocytic leukaemia 

- Adults with relapsed or refractory 
small lymphocytic lymphoma 

- Adults with relapsed or refractory 
follicular lymphoma  

- Diarrhoea or colitis 
- Nausea 
- Neutropenia 
- Anaemia 
- Rash 
- Fatigue 
- Musculoskeletal pain Pyrexia 
- Cough 
- Upper respiratory infection 
- Pneumonia 

Alpelisib (1217486-
61-7, BYL-719, 
NVP-BYL719) 

PI3K-α - Women (postmenopausal), and 
men, with advanced or metastatic 
hormone receptor (HR)-positive, 
human epidermal growth factor 
receptor 2 (HER2)-negative, and 
PIK3CA mutate breast cancer (in 
combination with fulvestrant).  

- Increased/ decreased glucose  
- Increased creatinine 
- Diarrhoea 
- Nausea 
- Vomiting 
- Rash 
- Lymphopenia 
- Anaemia 
- Increased gamma glutamyl 

transferase increased 
- Increased alanine 

aminotransferase 
- Fatigue 
- Increased lipase 
- Anorexia 
- Stomatitis 
- Weight loss 
- Decreased calcium 
- Activated partial 

thromboplastin time prolonged 
- Alopecia 

Umbralisib 
(UKONIQ, rp-5264,  
1532533-67-7,  
TGR-1202) 

PI3K-δ - Relapsed or refractory marginal 
zone lymphoma.  

- Relapsed or refractory follicular 
lymphoma.  

- Increased creatinine 
- Diarrhoea-colitis 
- Nausea 
- Vomiting 
- Abdominal pain 
- Neutropenia 
- Transaminase elevation 
- Anaemia 



- Thrombocytopenia 
- Upper respiratory tract 

infection 
- Anorexia 
- Fatigue 
- Musculoskeletal pain 
- Rash 

 

 

 

6. Summary 

 

This short review provides an overview of the potential of targeting the PI3K/Akt/mTOR 

pathway as part of the strategy of tackling COVID-19 (Figure 2). In early stages of the 

disease, targeting this pathway can inhibit the entry and replication of the virus and reduce 

the viral load thus improving patient outcome. Furthermore, during the early stages of the 

immune response, targeting PI3K and Akt can enhance the effector function and supress the 

suppressor function thus helping to eliminate the infection before it proceeds to immune 

dysregulation. When patients progress to uncontrolled immune responses, targeting mTOR 

is a potential therapeutic strategy to suppress the cytokine storm, inhibit neutrophil 

recruitment and enhance the suppressor regulatory T cells. Due to its involvement in clot 

formation, targeting this pathway has a potential protective role against thrombosis 

associated with severe COVID-19 cases.  

We therefore believe that exploring the potential of this pathway is promising in tackling this 

global challenge. 
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Figure Legends 

 

Figure 1. A simplified diagram illustrating the role of the PI3K/Akt/mTOR pathway in 

regulating different lymphocyte responses including A) CD8 T cells  [6, 16, 17] B) Tregs and 

Th17 [7, 18, 19, 35, 36] C) B cells [66, 67]. TCM =central memory, TEM =effector memory  



Figure 2. The potential of targeting different components of the PI3K/Akt/mTOR pathway to 

tackle COVID-19. 
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