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Abstract

Coronavirus disease 2019 (COVID-19) pandemic has affected health care systems worldwide. Severe presentations of 

COVID-19 such as severe pneumonia and acute respiratory distress syndrome (ARDS) have been associated with the post-

viral activation and release of cytokine/chemokines which leads to a “cytokine storm” causing inflammatory response and 

destruction, mainly affecting the lungs. COVID-19 activation of transcription factor, NF-kappa B (NF-κB) in various cells 

such as macrophages of lung, liver, kidney, central nervous system, gastrointestinal system and cardiovascular system leads 

to production of IL-1, IL-2, IL-6, IL-12, TNF-α, LT-α, LT-β, GM-CSF, and various chemokines. The sensitised NF-κB 

in elderly and in patients with metabolic syndrome makes this set of population susceptible to COVID-19 and their worse 

complications, including higher mortality. Immunomodulation at the level of NF-κB activation and inhibitors of NF-κB (IκB) 

degradation along with TNF-α inhibition will potentially result in a reduction in the cytokine storm and alleviate the severity 

of COVID-19. Inhibition of NF-κB pathway has a potential therapeutic role in alleviating the severe form of COVID-19.
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Introduction

On 31 December 2019, Wuhan Municipal Health Commis-

sion, China, reported a cluster of cases of pneumonia in 

Wuhan, Hubei Province. A novel coronavirus was identified 

from these patients, and subsequently on 12 January 2020, 

the genetic information of the novel coronavirus (nCoV) was 

published (Wu et al. 2020a). After full-genomic sequencing 

and phylogenetic analysis, it was obvious that the coronavi-

rus that causes COVID-19 is a beta-coronavirus in the same 

subgenus as the severe acute respiratory syndrome (SARS) 

virus which caused the SARS-CoV epidemic in 2003. The 

structure of the receptor-binding gene region is very similar 

to that of the SARS coronavirus; and the virus uses the same 

receptor, the angiotensin-1-converting enzyme 2 (ACE2), for 

cell entry (Zhou et al. 2020).

There has been a steady surge in the number of COVID-

19 cases worldwide which has crossed 40 million, with 

more than 1,131,000 deaths and is still on the rise (COVID-

19 Coronavirus Pandemic Update Worldometer Info 2020). 

In about 14% of patients, the virus causes severe disease, 

including pneumonia and acute respiratory distress syn-

drome (ARDS). About 5% of patients suffer critical disease, 

including respiratory failure, septic shock, multi-organ fail-

ure and death (Williamson et al. 2020).These critically ill 

patients appear to have significantly higher levels of pro-

inflammatory mediators and cytokines, suggestive of a 

“cytokine storm syndrome” (Gao et al. 2019).

Hyper-activation of the nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB) pathway has been 

implicated in the pathogenesis of the severe/critical COVID-

19 phenotype (Hirano and Murakami 2020). During pre-

vious coronavirus outbreaks, such as SARS-CoV and the 

Middle East Respiratory syndrome coronavirus (MERS-

CoV), it was reported that viral proteins such as nsp1, nsp3a, 

nsp7a, spike, and nucleocapsid protein all caused excessive 
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NF-κB activation, possibly contributing to severe disease 

and high case-fatality rate (DeDiego et al. 2014; Oecking-

haus and Ghosh 2009; Liao et al. 2005). Herein, we review 

current literature on the effect of SARS-nCoV-2 infection on 

NF-κB activation and discuss the potential therapeutic role 

of inhibitors of this pathway in the treatment of COVID-19.

NF-κB and the inflammatory response

NF-κB is a complex system of proteins present inactive 

in the cytoplasm along with inhibitory proteins that are 

known as inhibitors of NF-κB (IκBs). Upon stimuli (induc-

tion), phosphorylation of IκBs by IκB kinase (IKK) leads 

to nuclear translocation of NF-κB, binding to their cog-

nate DNA and activates transcription of a wide variety of 

genes involved in host immunity, inflammation, cell prolif-

eration and apoptosis (Oeckinghaus and Ghosh 2009). The 

NF-κB inducers are highly variable and include bacterial 

lipopolysaccharides, ionizing radiation, reactive oxygen 

species (ROS), cytokines such as tumour necrosis factor 

alpha (TNF-α) and interleukin 1-beta (IL-1β) and viral 

DNA and RNA (Zhang et al. 2017). The activated NF-κB 

transcription factors promotes the gene expression of wide 

variety of cytokines (e.g., IL-1, IL-2, IL-6, IL-12, TNF-α, 

LT- α, LT-β, and GM-CSF), chemokines (e.g., IL-8, MIP-1, 

MCP1, RANTES, and eotaxin), adhesion molecules (e.g., 

ICAM, VCAM, and E-selectin), acute phase proteins (e.g., 

Serum Amyloid A; SAA), and inducible effector enzymes 

(e.g., inducible nitric oxide synthase; iNOS and cyclooxy-

genase-2; COX-2). Thus NF-κB serves as a ‘rapid acting’ 

primary transcription factor which can regulate various cel-

lular responses such as host’s early innate immune response 

to infection, and also associated with chronic inflammatory 

states, viral infections, septic shock syndrome and multi-

organ failure (Zhang et al. 2017; Li and Verma 2002). In 

addition, the constitutive activation of NF-κB pathways has 

been reported in inflammatory diseases such as multiple 

sclerosis and rheumatoid arthritis (Liu et al. 2017).

NF-κB, cytokine storm and coronavirus associated 
infections

Since the emergence of COVID 19, in most severe cases 

an elevated level of proinflammatory factors such as, IL-2, 

IL-1, IL-6, IFN-γ, MIP1α, MCP1 and TNF-α have been 

reported (Tang et al. 2020; Costela-Ruiz et al. 2020). The 

infiltrating phagocytic cells such as monocytes and mac-

rophages are responsible for the “cytokine storm” seen in 

some COVID-19 patients. Similarly, the inflammatory cells 

infiltration and diffuse pulmonary alveolar injury has been 

reported for patients with SARS-CoV and MERS-CoV (Soy 

et al. 2020).

NF-κB signal transduction pathway is considered as a 

prototypical proinflammatory pathway (Lawrence 2009). A 

study on SARS-CoV which was responsible for the world-

wide outbreak of SARS in 2003 showed that the SARS-CoV 

nucleocapsid protein (N protein) activates NF-κB in Vero 

E6 cells in a dose dependent manner (Liao et al. 2005). In 

parallel, SARS-CoV lacking the Envelope (E) gene (SARS-

CoV-ΔE) showed reduced expression of proinflammatory 

cytokines, diminished neutrophil infiltration, reduced lung 

pathology which resulted in increased BALB (albino, immu-

nodeficient and inbred strain) mice survival (DeDiego et al. 

2014; Day et al. 2009). DeDiego et al. (2014) in an elegant 

study proved that inhibitors of NF-κB pathway increased the 

survival rate in both in vitro and in vivo (in mice) studies 

with reduced lung pathology. In vitro studies in the previ-

ous SARS epidemic have shown that the spike (S) protein 

induces a strong cytokine response in infected mononuclear 

cells through the NF-κB pathway. This cytokine response 

was initiated through Toll-like receptor (TLR) activation 

through a protein kinase C dependent pathway of NF-κB and 

could be inhibited by NF-κB blockade (Dosch et al. 2009). 

Thus focussing on understanding how NF-κB signalling 

regulates the inflammatory responses will aid in develop-

ing strategies to mitigate the “cytokine storm” and reduce 

the pathology of severe COVID-19. In addition, identify-

ing potential therapeutic targets associated with the NF-κB 

pathway will help us to manage the more severe spectrum 

and mortality associated with the pandemic.

Multi-channel activation of NF-κB in coronavirus 
associated infections

SARS-nCoV-2 is a novel virus in the Coronaviridae family 

that has single stranded positive RNA genomes. During the 

replication of positive stranded RNA virus, production of a 

negative-stranded copy of the genome is a crucial step. The 

negative strand is used as a template for genome replica-

tion by the viral RNA-dependent RNA polymerase (Knoops 

et al. 2008). In the course of SARS-nCOV-2, multiplication 

within the host cell results in production and accumulation 

of dsRNA (called transcriptive intermediate) in the cellu-

lar cytoplasm. The interferon-induced dsRNA-dependent 

protein kinase (PKR) is a threonine kinase which arrests 

translation within host cells in response to viral infection, an 

innate immune mechanism against viral replication (Garcia 

et al. 2009; Meusel et al. 2002). In addition, upon binding 

to dsRNA, the PKR (gets activated as a kinase enzyme), 

which also activates the inhibitor of IκB kinase (IKK), 

leading to the degradation of the inhibitors IκBα and IκBβ 

and the concomitant release of NF-κB (Williams 1999; 

D’Acquisto et al. 2002). NF-κB transcription factors trans-

locate into the nucleus where they bind to specific elements 

called κB-sites and initiate transcription and production of 
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‘proinflammatory mediators’ (D’Acquisto et al. 2002). This 

activation of NF-κB is called the “canonical pathway” as 

NF-κB essential modulator (NEMO), a regulatory subunit 

of the IKK complex is involved (Fig. 1). Along with the 

direct activation of NF-κB pathway, the PKR also medi-

ates TNF-α (15), which activates NF-κB pathway via “non-

canonical pathway”. NF-κB signalling also happens because 

of the stimulation of a subset of the tumour necrosis factor 

superfamily receptors (TNFRs) through B-cell activating 

factor receptor (BAFF), Lymphotoxin β or CD40. This is 

non-canonical pathway (without NEMO) although slow, is 

more long lasting in terms of proinflammatory mediator pro-

duction, when compared to the canonical activation (Fig. 1) 

(Dorrington and Fraser 2019).

One of the other major pathways through which beta 

coronavirus causes hyperactivation of NF-κB is via the 

myeloid differentiation primary response 88 (MyD88) path-

way through pattern-recognition receptors (PPRs) (Fig. 1) 

(D’Acquisto et al. 2002; Birra et al. 2020). This leads to 

induction of a variety of cytokines including IL-6, TNF-α 

and chemokines (Hirano and Murakami 2020). This was 

shown as a major factor in the higher case-fatality rates asso-

ciated with SARS and MERS, when compared to COVID-

19 (Wit et al. 2016). The increase in angiotensin II (AngII) 

caused by reduced level of angiotensin converting enzyme II 

(ACE2) membrane protein which is endocytosed along with 

n-CoV has been implicated in the progression of lung injury 

and propagation of severe inflammation due to dysregulation 

of renin-angiotensin pathway (RAS) (Ingraham et al. 2020). 

AngII acts as a proinflammatory cytokine via angiotensin-

1-receptor (AT1R), the latter also activates NF-κB, disin-

tegrin and metalloprotease 17 (ADAM17) (Devaux et al. 

2020). These three lead to production of epidermal growth 

factor receptor (EGFR) ligands and TNF-α, which lead to a 

vicious cycle of further activation of NF-κB and propagation 

of “cytokine storm” (Fig. 1) (Gao et al. 2019; Hirano and 

Murakami 2020).

The Janus Kinase (JAK) and signal transduction and acti-

vator of transcription factor 3 (STAT3) pathway is required 

for full activation of the NF-κB pathway and its main stimu-

lator is IL-6. The IL-6 when binds to its receptor activates 

JAK-STAT pathway allows phosphorylated STAT3 to 

Fig. 1  Schematic diagram explaining the mechanism of action of NF-κB in COVID-19 via various pathways leading to “cytokine storm syn-

drome”
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translocate into the nucleus which promotes IFN-γ reduction 

and induce cytokine release syndrome. In vascular tissues, 

the activated NF-κB produces IL-6. Thus in COVID-19, 

both NF-κB and JAK-STAT pathway can be constitutively 

activated, which in turn can hyperactivate the IL-6 ampli-

fier response (IL-6 Amp), which can lead to a cascade of 

hyper-activation of NF-κB by STAT3, leading to multi-

inflammatory responses (Hirano and Murakami 2020; Batt-

agello DS, 2020; Brasier 2010). IL-6 is also considered as an 

important marker of cellular senescence, with rates increas-

ing with age, all of which explains the higher mortality in 

elderly age group. The MAPKs are serine-threonine protein 

kinases involved in the modulation of cellular responses dur-

ing stress and pathophysiological states. Coronaviruses have 

been shown to involve all the three MAPKs (the Jun amino-

terminal kinases (JNK), P38 and extracellular signal-regu-

lated kinases (ERK1/2)) pathways for viral pathogenesis. 

P38 mitogen-activated protein kinases (MAPKs) mediated 

cross-talk activation of NF-κB was reported by Saccani et al. 

(2002). Elevated levels of Ang II mediates its adverse reac-

tions via P38 MAPK pathway activation (Park et al. 2007). 

P38 MAPK pathway regulates the translation of cytokines 

TNF-α and IL-1β which can activate NF-κB non-canonically 

(Battagello et al. 2020; Sun 2017). Hence it can be explained 

that the hyperactive p38 MAPK and their cross-talk activa-

tion of NF-κB pathway might be the reason for the inflam-

mation, thrombosis, and vasoconstriction in COVID-19 

(Grimes and Grimes 2020) The damaged human self DNA 

at later stages of COVID-19 can excessively activate STING 

(stimulator of interferon (IFN) genes) which leads to the pro-

duction of IFN-β through activation of interferon regulatory 

factor 3 (IRF 3). Furthermore, the human STING stimulates 

NF-κB resulting in “cytokine storm” (Jean-Marie Berthelot 

2020). At later stages interferons cause detrimental effects 

through enhanced delayed innate immune response, which 

has been reported in SARS-CoV and MERS-CoV infections 

in humans (Shalhoub et al. 2015; Channappanavar and Perl-

man 2017).

NF-κB pathway- the link between metabolic 
syndrome and COVID-19?

Apart from association with the “cytokine storm”, the 

NF-κB pathway is well known to be associated with the 

pathogenesis of metabolic syndrome (Baker et al. 2011; 

Urso 2020). Diabetes and obesity are attributed to a chronic 

inflammatory state, with high levels of glucose and free fatty 

acids in the body. This glucolipotoxicity, along with the 

inflammatory state, has a role in activation of the non-canon-

ical NF-κB pathway. In the presence of insulin resistance the 

glycogen synthase kinase beta (GSK3β) get activated and 

blocks heat shock protein 70 which inhibits NF-κB. Thus 

NF-κB signalling triggers a severe inflammatory response. 

Moreover the downstream products of NF-κB signalling 

such as iNOS and Nitric oxide block insulin signalling 

leading to worsening of the metabolic state (Krause et al. 

2020). There was a study conducted on mice which showed 

the association of insulin resistance with NF-κB activation 

via NIK (NF-κB inhibitory kinase) (Malle et al. 2015). The 

hyperglycemic state in these patients activates TNF-α which 

in turn accelerates the activation of NF-κB pathway via the 

non-canonical pathway (Hattori et al. 2000). NF-κB is also 

known to be associated with atherosclerosis and vascular 

endothelial damage, which are predominant factors for end-

organ damage in patients with metabolic syndrome. Thus the 

overnutrition, obesity-induced excess metabolites, hyperlipi-

demia and hyperglycemia, are risk factors that initiate and 

propagate hyper-activation of the NF-κB pathway, leading 

to severe COVID-19 and worse outcomes (Catrysse and Loo 

2017; Apicella et al. 2020; Meyerovich et al. 2018).

Along with diabetes and obesity, the NF-κB activation 

is associated with complications of hypertension as well. 

The RAS mediated high levels of AngII in the body has 

been noted to activate the NF-κB pathway via CARD11-

BCL10-MALT1 or CBM (caspase recruitment domain fam-

ily, member 11-B-cell chronic lymphocytic leukaemia/lym-

phoma 10-mucosa-associated lymphoid tissue lymphoma 

translocation gene 1 “CBM signalosomes” which inhibit 

the IκB. This leads to poorly controlled hypertension and is 

one of the high risk factors for cardiovascular related mor-

tality (Crowley 2014). High levels of AngII have been seen 

in critically ill COVID-19 patients, thereby implicating the 

role of the NF-κB pathway in the hypertensive cohort (Wu 

et al. 2020b).

Large cohort studies have shown the association with 

severity of COVID-19 and the prevalence of comorbidities. 

It was reported that out of 46,248 COVID-19 patients, a 

large subset were suffering from hypertension (17 ± 7, 95% 

confidence interval [CI] 14–22%), followed by diabetes 

(8 ± 6, 95% CI 6–11%), cardiovascular diseases (5 ± 4, 95% 

CI 4–7%) and respiratory diseases (2 ± 0, 95% CI 1–3%). 

The study showed that patients who were severely ill with 

COVID-19, were 2.36 times more likely to have hyperten-

sion (95% CI 1.46–3.83), 3.42 times likely to have underly-

ing cardiovascular disease (95% CI 1.88–6.22), 2.46 times 

more likely to have respiratory disease (95% CI 1.76–3.44), 

when compared to those with mild disease (Dutta et al. 

2020; Yang et al. 2020).

Ageing and sex differences in encountering NF-κB 
pathway associated with COVID-19 severity

Firstly, the slow viral alert signals due to immunosenes-

cence in elderly patients esulted in greater viral replica-

tion and increased ACE2 shedding. Consequentially, there 

is increased Ang II/ADAM17 activity due to age-related 
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dysregulation or alteration in RAS. The Ang II binds with 

AT1R constitutively activates NF-κB leads to vasoconstric-

tion and inflammation and this could explain importance 

of age in COVID-19 severity (Sward 2020; Muller 2020). 

The activated innate immunity in older patients also induces 

a proinflammatory profile regulated by NF-κB pathway 

(inflammaging) as their adaptive immunity too declined 

due to immunosenescence (Sanghai and Tranmer 2020; 

Salminen et al. 2008). Moreover, the low levels of testos-

terone and estradiol (steroid hormones) in aged men and 

postmenopausal women, respectively fails to inhibit NF-κB 

thereby producing higher levels TNFα and IL-6 leads to 

increased risk of lung damage (Al-Lami et al. 2020) The oxi-

dative stress, antioxidant deprivation mechanism, increased 

ROS and chronic low inflammation in the lungs of elderly 

patients might also contribute to the severity of COVID-19 

via NF-κB—toll-like receptor signalling pathway (Delgado-

Roche and Mesta 2020). Inflammaging and immunose-

nescence in elderly highly contribute to the development 

of cytokine storm. Apart from these age –related risks, 

cytokine storm and fatalities were also reported in young 

and middle-aged men might be because of genetic predispo-

sition, virulence of viral load, epigenetic dysregulation due 

to life style factors and hyperactive responses by diversi-

fied immune cells. The data from epidemiological studies 

revealed sex-specific differences in the incidence and mor-

tality in COVID-19 patients, where the mortality rate of men 

is more than female. Most of genes associated with immune 

regulation are encoded by X-chromosomes, the genetic fac-

tor, extra X chromosomes endow an active immune cells in 

women (Al-Lami et al. 2020; Maleki Dana et al. 2020). Such 

efficient controlled innate immunity quickly recognise the 

virus and clear the viral load at first line of defence and thus 

avoiding the sustained activation of inflammatory signalling 

results in cytokine storm (Mueller et al. 2020). The attenua-

tion of NF-κB pathway by sex hormone oestrogen reduce the 

cytokine production in female patients especially, the perio-

vulatory dosages of oestrogen are very effective in inhibit-

ing the cytokines IL-6, IL-8 and TNF-α. The activation of 

oestrogen receptor α by hormone replacement therapy in 

postmenopausal women inhibits NF-κB mediated inflamma-

tion response and cytokine production (Al-Lami et al. 2020).

NF-κB pathway and extrapulmonary manifestations 
of COVID-19

NF-κB has been implicated in extrapulmonary manifesta-

tions of COVID-19, which are in addition to the systemic 

effects due to cytokine storm. A systematic review of 22 

observational studies including 17,391 COVID-19 patients 

reported an acute kidney injury (AKI) rate of 11%, with 

6.8% needing renal replacement therapy (Kunutsor and 

Laukkanen 2020). Both in vitro and in vivo studies have 

proposed that NF-κB activation in the renal glomerular cells 

via TNF-α and AngII has been associated with worse renal 

injury and need for renal support (Sanz et al. 2010). There 

are also reports of NF-κB mediated thrombotic microangi-

opathy within the renal microvasculature, leading to hypoxic 

acute tubular necrosis, leading to worse outcomes in these 

patients (Jhaveri et al. 2020; Hirsch et al. 2020). The car-

diovascular manifestations of COVID-19 include myocar-

dial injury, myocarditis, acute myocardial infarction, heart 

failure, dysrhythmias, and cortical venous thromboembolic 

events. Chronic activation of NF-κB in people with known 

metabolic syndromes induces vascular disturbances and 

remodelling of cardiomyocytes, which predisposes them to 

higher risk of cardiac complications (Hamid et al. 2011). 

This when superadded with cytokine activation can lead 

to cardiac injury and increases mortality risk. Similar to 

other viral infections like MERS, Herpes, Varicella and 

Cytomegalovirus which have the potential to activate the 

NF-κB pathway, COVID-19 has similar neuro-pathogenesis 

in cases where there is thromboembolism related neuropa-

thy and stroke (Montalvan et al. 2020). The possible reason 

for this cytokine storm in COVID-19 patients might be the 

elevated level of anti-viral inflammatory cytokines (IL-10, 

IL-6, IL-2, IFN-γ and TNF-α) which were attenuated and 

diversified in SARS and MERS infections, respectively 

(Zhang et al. 2020). The involvement of IL-6, the non-

canonical activation of NF-κB by elevated level of TNF-α 

create a degenerative feedback loop through Protein Kinase 

B (AKT) (Mozafari et al. 2020) and resulted in lung failure. 

In addition, previous reports suggested that the inflammatory 

cytokines TNF-α and IL1β induces the Granulocyte- Colony 

stimulating factor (G-CSF) via NF-κB pathway (Cao et al. 

2014). These elevated levels of cytokine G-CSF and GM-

CSF found in the cytokine storm of SARS-CoV 2 induce 

the accelerated inflammation process in COVID-19 patients 

(Zhu et al. 2020).

Potential therapeutic role of NF-κB inhibitors 
in COVID-19

Immunomodulation at the level of NF-κB activation and IκB 

degradation along with TNF-α inhibition will potentially 

result in a reduction in the cytokine storm and alleviate the 

severity of COVID-19 (Fig. 2). This has been proven in the 

SARS setting in small animal models (DeDiego et al. 2014;). 

There are suggestions to repurpose currently available drugs 

such as Cromolyn which inhibit NF-κB mediated cytokine 

production in the fight against COVID-19 (Karadesh 2020). 

Many of the drugs currently effective in COVID disease 

appear to have links to the NF-κB cascade of immune 

regulation.

Dexamethasone is among the two glucocorticoids (pred-

nisolone being the other) which has the inhibitory action 
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on the NF-κB pathway (Ye et al. 2020; D’Acquisto et al. 

2002)*. Glucocorticoids increase expression of IκB, which 

helps retain NF-κB within the cellular cytoplasm. They are 

also an immunomodulator, which reduces IL-6 production 

and activity, which in turn reduces the cytokine feedback 

on NF-κB activity (Auphan et al. 1995). In the Recovery 

(Randomised Evaluation of COVOD-19 Therapy) trial, 

dexamethasone at a dose of 6 mg once per day for ten days, 

reduced deaths by one-third in ventilated patients (rate ratio 

0.65) and by one-fifth in those eceiving oxygen therapy 

(rate ratio 0.80). The drug did not show any benefit in those 

getting mild to moderate disease and not requiring oxygen 

therapy. This supports the inference that the beneficial role 

of dexamethasone may be atleast partly related to the inhibi-

tion of NF-κB activation in the severe-critically ill COVID-

19 patients (The RECOVERY Collaborative Group 2020). 

The role of steroids generally in COVID-19 is by inhibit-

ing the action and expression of many molecules involved 

in pneumonia associated inflammatory response (Ledford 

2020). So it’s probable that in mild and moderate disease, 

there isn’t enough pro-inflammatory cytokines, chemokines 

and adhesion molecules, against which Dexamethasone can 

increase gene transcription of anti-inflammatory cytokines 

and decrease pro-inflammatory mediators (Patel et al. 2020). 

There are also concerns in using steroids early in the course 

of illness due to its risk of enhancing viral replication, reduc-

ing overall innate immunity and increasing secondary bacte-

rial infections (Singh et al. 2020).

Remdesivir (GS-5734) is a nucleotide analogue that 

perturbs viral replication by inhibiting the RNA-dependent 

RNA polymerase. By reducing dsRNA related induction of 

NF-κB pathway, it reduces the cytokine storm and severe 

disease. In the Adaptive COVID-19 Treatment Trial (ACTT-

1), where Remdesivir was evaluated with the placebo, it 

showed quicker time to recovery for the Remdesivir patients 

(Beigel et al. 2020).

Hydroxychloroquine, which was initially touted as the 

wonder drug and used in many regimens for the treatment 

of COVID-19, has fallen off from popularity due to its car-

diac toxicity. It reduces the levels of TNF-α, TNF-1β, IgG 

and IFN-γ, which in turn blocks the NF-κB pathway (Liang 

et al. 2018). Inhaled nitric oxide (NO) may be useful in the 

Fig. 2  Schematic diagram showing the mechanism of action of various drugs used in COVID-19 and how they inhibit the NF-κB pathway
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management of COVID-19 ARDS, and there is growing evi-

dence that it reduces the inflammatory cell-mediated lung 

injury by inhibiting neutrophil activation and subsequent 

pro-inflammatory cytokines. It also works by inhibiting the 

NF-κB and terminates the transcription process (Matthews 

et al. 1996; ClinicalTrials.gov. 2020a). High dose aspirin and 

sulindac used in doses similar to chronic inflammatory states 

have potential to block NF-κB via inhibition of TNF-α and 

IκB kinase, and are currently being investigated in clinical 

trials (Yamamoto et al. 1999).

Camostat Mesylate and nafamostat mesylate are serine 

protease inhibitors used to treat pancreatitis and inflamma-

tory diseases could be used to combat NF-κB signalling 

pathway. These drugs are anti-inflammatory and possess 

anti-viral properties (Catanzaro et al. 2020). Macrolide anti-

biotics also have immunomodulatory actions via reduction 

of neutrophil-related inflammation, suppression of TNF-α 

and IL-1 reduction and mild potential for inhibition of 

NF-κB pathway (Cheung et al. 2010; Bleyzac et al. 2002). 

Though Azithromycin was used in the treatment of COVID-

19 initially, both on its own and along with hydroxychlo-

roquine, the cumulative risks of QT interval prolongation 

and high risk of cardiac toxicity and death have reduced the 

enthusiasm for this combination. NF-κB is a redox-sensitive 

transcription factor, which gets activated by oxidative stress 

(Das 2020). Blocking this pathway with antioxidants such 

as Vitamin A, Vitamin C, Glutathione, Vitamin E, Zinc and 

many others could have both prophylactic protection and 

also prevent progression of illness (Nwose and Bwititi 2020; 

Bauer et al. 2020).

N-acetylcysteine has been proved to have a potent NF-κB 

inhibitor via downregulating the phosphorylation of IκB. 

Apart from this, it also has an inhibitory action against 

TNF-α mediated activation of the NF-κB pathway (Oka 

et al. 2000). Along with direct pathway inhibition it also 

has antioxidant potential which reduces the reactive oxygen 

species (Wu et al. 2014). It was reported to have a signifi-

cant clinical improvement in critically ill COVID-19 patients 

and is currently under assessment in a phase 4 clinical trial 

(Assimakopoulos and Marangos 2020; ClinicalTrials.gov. 

2020b). Inhibition of TNF-α by the monoclonal antibod-

ies such as Infliximab and Adalimumab, can inhibit the 

non-canonical activation of NF-κB pathway which has 

the potential to be used to alleviate symptoms in severely 

ill COVID patients (Feldmann et al. 2020; Benicco et al. 

2020). It was noted that out of 536 COVID-19 patients who 

were on regular anti-TNF-α as treatment for their existing 

inflammatory bowel disease (IBD), 448 (84%) patients were 

treated as outpatient and only 84 (15%) were hospitalised. 

Out of this only 2% either needed intensive care admission 

or ventilator or had death as outcome (Secure-IBD data-

base 2020). The hormone therapy using exogenous oestro-

gen and testosterone also have a potential to mitigate the 

inflammatory response in COVID 19 patients (Al-Lami 

et al. 2020). These drugs which inhibit NF-κB and associ-

ated pathways targets individual mediators of maladaptive 

cytokines release rather than attenuating the whole immune 

response against COVID-19. Besides, previous reports sug-

gests that the cytokine inhibitor therapy against TNF, IL-6, 

IL-17, IL-23 and IL-4 reduce undesirable inflammatory 

response and have no threats in viral-mediated disease pro-

gression (Schett et al. 2020). Such approaches that mitigate 

the exaggerated immune response (by TNF and IL-6) and 

which do not affect SARS-nCOV-2 clearance (by Interferon 

type I, IL-15 and IFN-γ) may exert beneficial effects against 

the pandemic. However, more studies are required to prove 

its potential effect on COVID-19 patients.

In summary, NF-κB pathway seems to play an important 

role in the natural progression of COVID and conversion to a 

severe phenotype. NF-κB inhibition may be a possible mech-

anism of action of currently effective drugs against COVID. 

More work needs to be done in identifying direct NF-κB 

inhibition as a therapeutic means of treating the severe form 

of this disease.
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