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COMMENT

The pivotal role of the angiotensin-II–NF-κB axis in the development
of COVID-19 pathophysiology
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Coronavirus disease 2019 (COVID-19) is caused by the
virus severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). SARS-CoV-2 can infect host cells by
interacting with membrane-bound angiotensin-converting
enzyme 2 (ACE2) on the respiratory epithelium. ACE2 is
part of the renin–angiotensin system (RAS), and treat-
ment with RAS inhibitors can increase the tissue
expression of ACE2 and its presentation at the cell sur-
face. Thus, it has been suggested that treatment with ACE
inhibitors or angiotensin receptor blockers might increase
the risk of COVID-19 after exposure to SARS-CoV-2.
However, there are several reports showing that the
treatment of hypertension with RAS inhibitors is not
associated with a substantial increase in the likelihood of
a positive test for COVID-19 or in the risk of severe
COVID-19 [1, 2]. Recently, Matsuzawa et al. suggested
that RAS inhibitors do not increase the risk of COVID-
19. Furthermore, they propose that RAS inhibitors reduce
the risk of disease severity among older age individuals
and patients with diabetes. RAS inhibitors have been
reported to play a role in the reduction of inflammation by
blocking the downregulation of ACE2 and the hyper-
activation of RAS [3]. It is also suggested that elevated
angiotensin II plays a crucial pathological role in the
development of severe COVID-19 [4]. As shown in
Fig. 1, angiotensin II has been shown to activate nuclear
factor kappa-B (NF-κB) through binding to angiotensin-II
type 1 receptor (AT1 receptor). Once angiotensin II binds
to AT1, CARD and membrane-associated guanylate
kinase-like protein, B-cell lymphoma 10, and mucosa-
associated lymphoid tissue lymphoma translocation pro-
tein 1 compose the CBM signalosome and activate

the IκB kinase complex, which is composed of three
subunits (α, β, and γ), resulting in the phosphorylation of
IκB (inhibitor of NF-κB). The most prevalent activated
forms of NF-κB is the heterodimer of p65 and p50.
Without activation of the cell, IκB in the cytoplasm binds
to the p65 and p50 subunits of NF-κB to prevent the
nuclear translocation of NF-κB. On the other hand, with
activation of cells, such as by angiotensin II-AT1 bind-
ing, IκB is phosphorylated at Ser 32/36 occurs,
which promotes the degradation of IκB to release the p65
and p50 subunit of NF-κB, resulting in the nuclear
translocation of NF-κB. After nuclear translocation, NF-
κB binds to its specific binding site on DNA to activate
gene expression in association with transcription
machinery, such as coactivators. NF-κB is a transcription
factor that regulates the gene expression of inflammatory
cytokines such as interleukin-6, monocyte chemoat-
tractant protein 1, AT1 receptor, and platelet-derived
growth factor-beta (PDGF-B) in several cells [5, 6].
Therefore, in concert with the immunological attack on
the virus, the elevation of angiotensin II by SARS-CoV2
infection could induce NF-κB activation in bronchial
epithelial cells and vascular endothelial cells, leading
to the recruitment of inflammatory cells and enhanced
cytokine/chemokine and PDGF-B expression. This series
of events results in the cytokine storm and massive
inflammation of the lung and systemic vascular systems
commonly observed upon SARS-CoV2 infection.
In particular, patients with diabetes have been reported
to maintain a state of inflammation through chronic
activation of the NF-κB pathway [7]. It has also been
reported that the constitutive activation of NF-κB is a
ubiquitous phenomenon among various cell types in the
aging phenotype; therefore, aged individuals have con-
stitutive activation of NF-κB [8]. Thus, SARS-CoV2
infection could induce further activation of the NF-κB
pathway through the elevation of angiotensin II in elderly
individuals and patients with diabetes, resulting in the
development of severe COVID-19 pathology. The
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angiotensin-II-induced activation of NF-κB could be
reversed by RAS inhibitors. Thus, the risk reduction
among aged individuals and diabetes patients by
RAS inhibitors might be explained by the angiotensin-
II–NF-κB pathway interaction. Further clinical and bio-
logical studies in these patients are needed to draw a
clearer picture regarding the risk reduction by RAS
inhibitors.
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