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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a betacoronavirus responsible for
coronavirus disease 2019 (COVID-19). Since its initial
identification in 2020 [1], the SARS-CoV-2 outbreak
has developed into a pandemic that at the time of
writing has costed the lives of at least 3.8 million
people worldwide according to the World Health
Organization  (https://covid19.who.int/).  Acute
respiratory  distress syndrome (ARDS) and
multiple-organ failure are among the major causes of
death [2]. ARDS involves the accumulation of fluid in
the lung and is characterised by elevated systemic
levels of multiple cytokines (‘cytokine storm’) [3].
Specific cytokines such as interleukin (IL)-1a, IL-1p,
IL-6, IL-10, IL-18, tumour necrosis factor (TNF)-q,
monocyte chemoattractant protein-1 (MCP-1) and
interferon (IFN)-y-induced protein (IP-10) have
indeed been positively associated with the severity of
SARS-CoV-2 infection [4].

In this issue of International Journal of Biological
Sciences, Sun et al. describe an innovative approach to
contrast SARS-CoV-2 infection which targets the
downstream signalling cascades elicited by these
cytokines [5]. Following bioinformatic analysis, they
first identified the phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (Akt) signalling pathway
(PI3K/AKT) as the top-ranked kinase among those
potentially associated with SARS-CoV-2 disease. To

explore the potential targeting of this pathway as a
SARS-CoV-2 therapy, they tested capivasertib
(AZD5363), a pan-AKT kinase inhibitor, for its ability
to inhibit infection of Vero cells by a SARS-CoV-2
spike  protein-pseudotyped virus. Remarkably,
capivasertib inhibited viral entry by 50% at ~2 pM, a
concentration which authors have shown not to be
cytotoxic. Capivasertib was not able to inhibit
infection of the pseudovirion when the spike protein
was deleted nor when this was overexpressed by Vero
Cells rather than being present on the pseudovirion,
thus suggesting that capivasertib was actually
inhibiting viral entry.

Capivasertib can interfere with SARS-Cov-2
endocytic pathway by inhibiting activation of FYVE
finger-containing phosphoinositide kinase (PIKFYVE)
downstream of the PI3K/AKT signalling pathway, an
activity that interferes with endocytic trafficking and,
ultimately, with viral entry (Figure 1). Kinase
inhibitors targeting the PI3K/AKT pathway have
been previously shown to inhibit cell infection by
Middle East respiratory syndrome coronavirus
(MERS-CoV) [6]. This shows that the PI3K/AKT
pathway may be more generally involved in
facilitating the infection of betacoronaviruses such as
SARS-CoV-2 and MERS-CoV.

Perhaps not surprisingly, the downstream
signalling cascades elicited by cytokines systemically
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Figure 1. Potential mechanism of action of PI3K/AKT kinase inhibitors on SARS-CoV-2 viral entry. Capivasertib inhibits activation of FYVE finger-containing
phosphoinositide kinase (PIKFYVE) by AKT kinases, thus interfering with endocytic trafficking and, potentially, SARS-CoV-2 viral entry. Other drugs potentially effective against
SARS-CoV-2 infection include LY294002, a broad-spectrum inhibitor of PI3K upstream of PIKFYVE, and YM-201636, which inhibits phosphorylation of PtdIns3P to PtdIns(3,5)P2

by PIKFYVE (Courtesy of the authors, Sun et al. [5]).

increased in severe COVID-19 have been found to
crosstalk with pathways involved in cancer [7] and in
fact the present authors have shown that increased
AKT1 mRNA levels correlated with poor prognosis in
several types of cancer. The PI3K pathway is one of
the most commonly activated signalling pathways in
estrogen receptor-positive breast cancer [8].
Capivasertib has recently been shown to increase
progression-free survival in patients with aromatase
inhibitor-resistant advanced breast cancer in a
randomised, double-blind, placebo-controlled, phase
2 trial currently in follow-up status (clinical trial ID:
NCT01992952) [9].

The data presented in the article by Sun. et al.
may help to accelerate the repurposing of kinase
inhibitors such as capivasertib for SARS-CoV-2
therapy. In view of this, it will be extremely
informative to investigate the susceptibility to SARS-
CoV-2 infection by non-vaccinated cancer patients
subjected to treatment with pan AKT inhibitors.
However, many questions still need an answer at the
preclinical level. If capivasertib and, more generally,
PIBK/AKT kinase inhibitors may prevent SARS-
CoV-2 infection, at which stage they should be
administered? Will PI3K/AKT kinase inhibitors be
effective at low or high viral load or when a cytokine
storm is already occurring? If PI3K/AKT kinase
inhibitors are effective only when virus titre is low,
then it may not be feasible to administer them to a
large asymptomatic SARS-CoV-2-infected population,
since in the non-randomised NCI-MATCH study
(clinical trial ID: NCT00700882), administration of
capivasertib was discontinued in 31% of patients due
to toxicity issues [10]. Whatever story the future
preclinical studies will tell, the administration of
PI3BK/AKT kinase inhibitors for COVID-19

management should be finely tuned to balance
therapeutic benefits.

Acknowledgements

S.S. is the recipient of a British Heart Foundation
Intermediate Basic Science Research Fellowship
(FS/IBSRF/20/25032). The views expressed in this
commentary belong solely to the author.

Competing Interests

The author has declared that no competing
interest exists.

References

1.  Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with
pneumonia in China, 2019. N Engl ] Med. 2020; 382:727-33.

2. Flerlage T, Boyd DF, Meliopoulos V, et al. Influenza virus and SARS-CoV-2:
pathogenesis and host responses in the respiratory tract. Nat Rev Microbiol.
2021;1-17.

3. de Jong MD, Simmons CP, Thanh TT, et al. Fatal outcome of human influenza
A (H5NT1) is associated with high viral load and hypercytokinemia. Nat Med.
2006; 12:1203-7.

4. Morris G, Bortolasci CC, Puri BK, et al. The cytokine storms of COVID-19,
HINT influenza, CRS and MAS compared. Can one sized treatment fit all?
Cytokine. 2021; 144:155593.

5. Sun F, Mu C, Kwok HF, Xu J, Wu Y, Liu W, Sabatier JM, Annweiler C, Li X,
Cao Z, Xie Y. Capivasertib restricts SARS-CoV-2 cellular entry: a potential
clinical application for COVID-19. Int ] Biol Sci 2021; 17(9):2348-2355.

6. Kindrachuk J, Ork B, Hart BJ, et al. Antiviral potential of ERK/MAPK and
PI3K/AKT/mTOR signaling modulation for Middle East respiratory
syndrome coronavirus infection as identified by temporal kinome analysis.
Antimicrob Agents Chemother. 2015; 59:1088-99.

7. Purcaru OS, Artene SA, Barcan E, et al. The Interference between SARS-CoV-2
and Tyrosine Kinase Receptor Signaling in Cancer. Int ] Mol Sci. 2021; 22:4830.

8. Lux MP, Fasching PA, Schrauder MG, et al. The PI3K pathway: background
and treatment approaches. Breast Care 2016; 11:398-404.

9. Smyth LM, Tamura K, Oliveira M, et al. Capivasertib, an AKT Kinase
Inhibitor, as Monotherapy or in Combination with Fulvestrant in Patients with
AKT1E17K-Mutant, ER-Positive Metastatic Breast Cancer. Clin Cancer Res.
2020; 26:3947-57.

10. Kalinsky K, Hong F, McCourt CK, et al. Effect of Capivasertib in Patients With
an AKT1 E17K-Mutated Tumor: NCI-MATCH Subprotocol EAY131-Y
Nonrandomized Trial. JAMA Oncol. 2021; 7:271-8.

http://www.ijbs.com



