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Abs tr ac t
Coronavirus disease (COVID-19) emerged from Wuhan, has
now become pandemic and the mortality rate is growing exponentially. Clinical complication and fatality rate is much
higher for patients having co-morbid issues. Compromised
immune response and hyper inflammation is hall mark of
pathogenesis and major cause of mortality. Cytokine release
syndrome (CRS) or cytokine storm is a term used to affiliate the
situation of hyper inflammation and therefore use of anti-cytokine and anti-inflammatory drugs is used to take care of this
situation. Looking into the clinical benefit of these anti-inflammatory drugs, many of them enter into clinical trials. However,
understanding the immunopathology of COVID-19 is important otherwise, indiscriminate use of these drugs could be fetal
as there exists a very fine line of difference between viral clearing cytokines and inflammatory cytokines. If any drug suppresses the viral clearing cytokines, it will worsen the situation
and hence, the use of these drugs must be based on the clinical
condition, viral load, co-existing disease condition and severity of the infection.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Affiliation
Department of Pharmacology, School of Pharmaceutical
Education and Research, Jamia Hamdard, New Delhi

Introduction
Novel coronavirus disease (COVID-19), originated from the Wuhan
city of China has now taken the shape of a pandemic with a total
reported case of 37.10 million and deaths of more than 1.07 million across 233 nations [1]. United State of America has a total 7.58
million confirmed cases, followed by India (7.05 million), Brazil
(5.05 million), and Russia (1.29 million) as on 10/12/2020 [1]. As
per the WHO report, in the USA, Brazil, and Russia, community
transmission is confirmed whereas in India, yet community transmission is not reported [1]. Genomic and structural analysis of
nCoV-19 has revealed the presence of spike protein, membrane
protein, envelope and nucleocapsid with the presence of 10 ORFs
(operative response filament) [2]. It was found that the spike pro-

tein of the virus interacts with the ACE-2 receptor located at the
surface of epithelial cells and alveoli of lungs and enters into the
cell via endocytosis [2]. Upon its entry, open reading frames (ORFs),
nsp 1-16 and other polyproteins carryout RNA and genomic transcription and further get modified by interacting with endoplasmic
reticulum and Golgi bodies. Recent findings have also confirmed
the presence of nCoV-19 in the intestine, liver, and in the heart
[3, 4]. Common symptoms for COVID-19 infection are cough, fever
and pneumonia leading to acute respiratory distress syndrome
(ARDs) [5]. In COVID-19 infection, innate immunity plays a vital
role in viral clearance. Serological analysis of COVID-19 infected
patients has shown increased level of pro-inflammatory cytokines,
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which at first instance seems favorable [6]. However, in most of the
critical cases, a very high level of pro-inflammatory cytokines have
been reported that cause cytokine storm, which is undoubtedly a
condition to worry [7]. Therefore, in this manuscript, we have critically analyzed the viral clearance and hyperinflammatory role of
cytokines and therapeutic promises of anti-cytokine drugs. Further, we have discussed various mechanism of hyper inflammation
that triggers ARDs towards multi-organ damage. At the end we
have reviewed some of the repurposed and investigational anti-cytokine therapies in terms of their safety and efficacy. A report published in Lancet, have clarified the presence of tumor necrosis factor alpha (TNF-α), interleukin (IL) IL-6, IL-10, granulocyte colonys t i m u l at i n g f a c to r ( G - C S F ) , g r a n u l o c y te - m a c r o p h a g e
colony-stimulating factor (GM-CSF), MC1, macrophage inflammatory protein 1 alpha (MIPI-α) and IPI0 along with IL-17 during
COVID-19 infection [5]. According to Pedersen et al., 2020, production of inflammatory cytokines is an adaptive response towards
viral clearance but it was found that not all cytokines participate in
viral clearance [8]. IL-12, IL-15, IL-21 and interferons (INFα, β and
γ) are specific for clearance whereas an increased level of TNF-α, IL-6,
IL-17 G-CSF and GM-CSF leads to hyperinflammation and
cytokine storm as shown in ▶Fig. 1, [9].

Macrophage Activation, NLRP3 InflammasomeNF-kB mediated Hyperinflammation and
Multi-organ Toxicity
As nCoV-19 enters into the pneumocytes, some viral particles are
engulfed by the macrophage, which serves as an initial line of defense followed by the establishment of antigen-presenting cells
(APC) via major histocompatibility complex-2 (MHC-2) of T-cells
[9]. This event is followed by the co-stimulation and activation of
T-helper cells (CD4 + and CD8 + cells) which in turn produces IL-4
and 5 and causes activation of B-cells [9]. Antigen-presenting cells
(APCs), co-stimulation, and produced cytokines also activate natural killer (NK) cells [10]. Therefore, antibodies produced from
B cells, granulozymes from NK cells, IL-12, 15, 21and INF-α, β and
γ effectively participate in viral clearance [11, 12]. However, another
aspect (hyper inflammation) is mediated by macrophage activation, PMN cells, CD4 + , CD8 + cells and other signaling pathways that
produce inflammatory cytokines that lead to cytokine storm and
CRS (cytokine release syndrome) [13]. IL-17, produced via macrophage and polymorphonuclear neutrophils (PMNs) causes recruitment of monocytes and neutrophil leading to production and
activation of downstream chemokines and cytokines such as IL-6,
IL-8, and TNF-α and MCP-1 [14]. Thus, there are substantial evidence available that shows the overlapping function of immunopathology in COVID-19 infection and therefore the choice of anticytokine therapy must be made with caution.
Apart from the immunomodulatory effect of nCoV-2, ORFs of
viral particles have been identified that interact with Toll-like receptor (TLRs) 3,7, 8 and 9 through retinoic-acid inducible gene
(RIG-I), cytosolic receptor melanoma differentiation-associated
gene 5 (MDA5) and nucleotidyl transferase cyclic GMP-AMP synthase (cGAS) [3, 6]. This interaction recruits MAVS (mitochondrial
antiviral signaling protein) and MyD88 (myeloid differentiation pri-
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mary response protein) that independently activate c-Jun N-terminal kinase (JNK) and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB), respectively [15]. Activated JNK further
activates p53 which causes apoptosis whereas activated NF-kB
causes transcription of pro-inflammatory cytokines such as TNF-α
and ILs [16, 17]. Siu et al. in 2020 showed the formation of NOD-,
LRR- and pyrin domain-containing protein 3 (NLRP-3) inflammasome complex and increase in the expression of calcium channels
on the pneumocytic surface [18]. NLRP3 inflammasome complex
causes activation of pro-IL-1β whereas calcium channels increase
the influx of calcium into the cells that further induces severe oxidative stress, mitochondrial dysfunction and produces inflammatory cytokines [19]. These cytokines, specifically, TNF-α and IL-6
are released into the systemic circulation, increases vascular permeability in the lungs and damage vital organs [20]. Considerable
evidence of various organ damage such as heart, liver and kidney
in COVID-19 have been reported in many case studies, supported
by biopsy report and serological findings [21–23].

Current Available Cytokine-based
Interventions
Type-I interferon
SARS-CoV and MERS CoV infections led to a discovery that IFN-α
and IFN-β can be a potential drug target for SARS-CoV-2 infection
treatment [24]. Zhou et al., 2020 studied 77 patients with confirmed COVID-19 and were given either nebulized IFN-α2b (5 mU
b.i.d.), oral Umifenovir (200 mg t.i.d.), or a combination of both
[25]. They concluded that INF- α2b has significant action in reducing the elevated inflammatory markers [25]. Another study by
Wang et al., 2020 evaluated IFN-α1b in the form of nasal drops as
a prophylactic measure for the healthcare staff working within the
hospital [26]. A total of 2944 volunteers were included which were
divided into low-risk and high-risk groups according to the exposure to coronavirus [26]. Outcome of the study showed a significant protective effect of nasal drop and showed no serious adverse
effect [26]

Interleukin-7
Cytokine storm with lymphopenia and lymphocyte exhaustion are
the hallmark of COVID-19 and considered to be responsible for the
accumulation of viruses and reduced clearance of infected cells [11].
IL-7 is a major cytokine that is responsible for the reversal of T-cell
exhaustion and promotes lymphocyte expansion, thus it becomes
alluring that IL-7 may have a major role in the restoration of the immune system [27]. IL-7 also help in the replenishment of the circulation pool (CD4 + & CD8 + ) of T cells by inducing potent proliferation of naïve and memory T cells and also exerts anti-apoptotic activity [27]. Recombinant IL-7 (rIL-7) rIL-7 when used to treat T-cell
exhaustion following septic shock in HIV patient, it was found to be
therapeutically beneficial and it restored CD4 + T cell with no evidence of hyperinflammatory response [28]. Thus, use of IL-7 appears
to be future therapeutics for the treatment and management of
COVID-19 but as of now, there are no registered trials for evaluation
of this strategy.
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Current Available Anti-cytokine Interventions
Interleukin-6 inhibition
IL-6 is a major mediator of cytokine storm and its serum levels have
been closely correlated with the severity of ARDs and the outcome
with SARS-CoV-2 viral load [20]. In a meta-analysis, 2.9 times high-

er serum levels of IL-6 have been reported in patients who had complicated COVID-19 as compared to patients with non-complicated
one [29]. Therefore, inhibition of IL-6 or its receptors antagonism
has been found effective in the treatment of cytokine storm associated with COVID-19 complications [30]. IL-6 inhibitors include
Siltuximab, Clazakizumab, Sirukumab while it’s receptor inhibitors
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▶Fig. 1 Showing immunopathology of SARS-CoV-2. Upper panel showing the mechanism of viral clearance. Engulfed particles are presented at
MHC-II and also identified by PMN cells leading to the formation of APC (antigen-presenting cells) which further interact with TH cells (T helper cells)
and causes co-stimulation. Co-stimulated TH cells in turn produce IL-4 and 5 that further activate B cells to produce antibodies. Activated TH cells
also produce NK cells (natural killer cells) and together participate in the viral clearance. Middle panel shows the mechanism of hyper inflammation
and cytokine storm. Viral particle causes recruitment of MVAS and MyD88 that causes increased activity of MAPK kinase and nuclear translocation of
NF-kB leading to production p53, IL-6, TNF-α and pro IL-1β. Viral particles also cause the formation of NLRP3 inflammasome that activate pro-IL-1β
to IL-1β. These events cumulatively cause cytokine storm and severe ARDs (acute respiratory distress syndrome) and in due course of time, these
pro-inflammatory cytokines are released into the systemic circulation and cause multiorgan damage, as depicted in the lower panel.
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Interleukin-1 family: IL-1 and IL-18 blockade
A set of studies on patients with COVID-19 induced pneumonia
lead to the finding that IL-1β and its natural antagonist (i. e. IL-1Ra)
is present in the peripheral blood and bronchoalveolar lavage fluid
(BALF) [37, 38]. Further, it was found that NLRP3, an inflammasome, which has been most extensively studied in MERS-CoV and
SARS-CoV infection, is found to be responsible for activation and
secretion of IL-1β [39]. A recombinant IL-1Ra, Anakinra, has proved
it’s efficacy in treating Hemophagocytic lymphohistiocytosis and
it is currently used in the pharmacotherapy of IL-1β induced autoinflammatory disease [40, 41]. Anakinra is being evaluated for its
efficacy for COVID-19 in a clinical trial (NCT03332225). Further, a
monoclonal antibody, Canakinumab, is being investigated for its
action on IL-1β in a single-arm observational study (NCT04348448)
[31]. Another upregulated cytokine, IL-18, has been observed in
BALF of COVID-19 patients and mainly produced by macrophages
upon the action of inflammasome-activated caspase-1 [39]. Recombinant IL-18 binding protein, Tadekinig Alfa, has shown its efficacy for the abovementioned conditions but as of now, there are
no registered clinical trials to analyze its efficacy [42].

Tumor Necrosis Factor-α inhibition
Blood and tissue of COVID-19 patients have shown evidence of
higher levels of TNF-α in patients with severe ARDs [43]. TNF-α inhibitors are well-evaluated for their efficacy in COVID-19 [44]. Neutralization of TNF-α in rat models showed protection against SARSCoV infection and a rapid decrease in IL-6 and IL-1 is observed using
anti-TNF in rheumatoid arthritis patients [45, 46]. TNF-α inhibitor
is also responsible for the reduction of adhesion molecules and vascular endothelial growth factor, affecting capillary leak [47]. Therefore, TNF-α inhibitors have the potential to be a future therapeutic
against COVID-19 infection.
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kinase inhibitors
To take care of COVID-19 situation, various anti-inflammatory class
of drugs are under trial and among them kinase inhibitors have
emerged as one of the potential therapeutic modality to manage
and treat COVID-19 infection [48]. These kinase inhibitors have
shown ‘one-drug-multiple target’ properties and act on multiple
proteins of the COVID-19 virus and hence, inhibit the viral entry,
replication as well as mitigate the cascade of the cytokine storm
[48]. As most of the cytokine inhibitors are approved for other indications, hence possess established safety and pharmacokinetic
profile and therefore appears to be potential drug candidate for repurposing. Thus, looking into these facts, kinase inhibitors, if found
potent in mitigating COVID-19 induced complications would significantly minimize the time as well as the cost of drug development and can be accessible to the patients in a short span of time,
as compared to an entirely new class of drugs [48]. Recently, Bouhaddou et al., 2020 published an extensive study showing the significant involvement of kinases in the pathogenesis of COVID-19
and thus, opened an avenue to target these kinases against COVID19 infection [49]. Bouhaddou et al., 2020 have shown the involvement of CK2 (casein kinase II), mTOR (mammalian target of rapamycin), ERK (extracellular signal-regulated kinase), p38 MAPK (mitogen-activated protein kinase), CDKs (cyclin-dependent kinase),
EGFR (epidermal growth factor receptor) and ROCK (Rho-associated protein kinases) in the pathogenesis and thus, their inhibitor appears to be the potent anti-COVID-19 therapeutics [49]. As of now
many of the kinase inhibitors are under the preclinical stage and
many others are under clinical trials. Silmitasertib, a CK2 inhibitor
is under Phase 2 trial, Gilteritinib (AXL inhibitor, FDA approved),
Bencentinib (AXL inhibitor, FDA approved), (AXL inhibitor, clinical
trial), ARRY-797 and Ralimetinib (p38 MAPKs inhibitor, Phase 2/3
and Phase 2), MAPK13-IN-1 and SB203580 (p38 MAPKs inhibitor,
under preclinical investigation) [50].

Janus kinase (JAK) inhibitors
JAK-STAT pathway has been well-documented in the pathogenesis
of COVID-19. It plays a critical role in viral entry, viral replication
and in the production of various pro-inflammatory cytokines, such
as ILs, TNF-α, GM_CSF and interferon-gamma [51]. Thus, JAK inhibitors, mainly JAK1 and JAK2 have been explored for the potential antiviral and anti-inflammatory effect in COVID-19 infection
[52]. Among some of the established JAK inhibitors such as Baricitinib, Lestaurtinib, Ruxolitinib, Midostaurin, Lestaurtinib, Ruxolitinib, Fedratinib, and Tofacitinib, Baricitinib (an approved drug for
rheumatoid arthritis) has shown potent protection against COVID19 infection [48, 53–55]. Interestingly, Baricitinib when used at the
same dose which was approved for rheumatoid arthritis, showed
inhibition of AAK1 (P2-associated protein kinase-1) and GAK (cyclin G-associated kinase) which resulted into inhibition of viral entry
via ACE-2 receptors and showed potent anti-inflammatory effect
leading to reduction in cytokine storm [55]. Thus, considering the
therapeutic promise of Baricitinib, a Phase 2 clinical trial among
800 patients is going on where 2 mg of Baricitinib for 10 days is
being assessed for clinical safety and efficacy among COVID-19 infected patients (NCT04321993) [56]. Another Phase 2/3 clinical
trial is going on where (NCT04320277) Baricitinib at the dose of
4 mg/day in combination with Lopinavir or Ritonavir at the dose of
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include Tocilizumab and Sarilumab [31]. These are approved drugs
in different clinical conditions [31]. A study by Luo et al., 2020 reported increased level of IL-6 in patients with aggravated or fatal
outcomes [32]. This study included 21 patients from China where
8 patients received methylprednisolone, 3 patients died while 2 experienced worsenings of the disease, 1 patient improved while 9 of
them achieved clinical stability [32]. Xu et. al., 2020 reported the
therapeutic effect of Tocilizumab on 21 severe or critical patients
of COVID-19 [33]. This study didn’t involve any control group and
outcome showed a decrease in oxygen requirements (75 %), improvement in CT scan anomalies (90.5 %) and overall clinical improvement (100 %) with no deaths or adverse effects [33]. A study
conducted in Italy reported clinical improvement in 33 % of patients
with Siltuximab at doses ranging from 700 to 1200 mg [34]. Roumier et al., 2020 reported the outcome of Tocilizumab in 30 patients
with severe pneumonia and Tocilizumab significantly reduced the
requirement of ventilator and risk of ICU admission [35]. Thus, looking into the benefit of IL-6 inhibitor in COVID-19, recently, National Health Commission of China’s COVID-19 diagnosis and treatment
program (7th edition) included Tocilizumab in patients with extensive bilateral lung lesions opacity whereas the Infectious Diseases
Society of America (IDSA), recently, published a guideline to use
Tocilizumab in context with clinical trials only [36].

EGFR and CDKs inhibitors
As it is well documented that pulmonary fibrosis is the clinical manifestation of COVID-19 infection and recently published evidence
has shown significant pulmonary fibrosis among post-recovery patients [57], EGFR signaling is considered as the major contributor
to fibrosis via modulation of the TGF-β signaling pathway [58]. Further, TGF-β is among the commonly reported pro-inflammatory
cytokines among COVID-19 infected patients that aggravate lungs
injury and ARDs. Sorafenib, a potent kinase inhibitor, as well as Osimertinib, an EGFR inhibitor, have shown significant anti-inflammatory and anti-fibrotic effect hence became a future therapeutics
against COVID-19 infection [59]. Apart from EGFR inhibitor, CDK
inhibitor i.e, Abemaciclib (an approved drug for advanced breast
cancers) showed a significant anti-COVID-19 property and enlisted among the 24 FDA-approved drugs that possess potent inhibitory activity against the COVID-19 virus [48, 60].

MEK inhibitors
MEK/ERK has been reported to play a significant role in the pathogenesis of COVID-19 infection [61]. Viral spike protein and nucleocapsid proteins have been reported to stimulate the phosphorylation of ERK/MEK that triggers the release of various pro-inflammatory cytokines leading to ARDs and cytokine storm [62].
ATR-002 is a small molecule and inhibitor of Raf/MEK/ERK pathway
[63]. Apart from the preclinical evidences, the outcome of the
Phase I clinical trial showed the safety and clinical efficacy of ATR002 in terms of reduced virulence and c ytokine storm
(NCT04385420) [63]. Further, In Vitro study using ACE2-A549 has
shown p38 MAPKs activation in response to COVID-19 infection
and blockage of p38 MAPK pathway by its inhibitor ‘SB203580’
showed a significant reduction in the level of IL-6, TNF-α and other
inflammatory cytokines [49]. Apart from SB203580, ARRY-797 and
Ralimetinib (p38 MAPKs inhibitor, Phase 2/3 and Phase 2), MAPK13IN-1 (p38 MAPKs inhibitor, preclinical) are also potential MAPK inhibitors and could be a future therapeutics against COVID-19 infection [49].

Analysis of Repurposed and Investigational
Anti-cytokine Drugs
As it seems very persuasive that cytokine storm is a major factor in
worsening the clinical outcome of COVID-19 infection and therefore use of anti-cytokine therapy seems to be a better option. However, it must be kept in mind that there still exists a fine line of difference between viral clearance mechanism and hyper inflammation and we need to specifically stimulate the viral clearance
pathway and block the hyperinflammatory pathway [64]. Looking
into the inflammatory role of IL-6 and TNF-α, anti-IL-6 (Tocilizumab, Sarilumab) and anti-TNF-α antibodies (Infliximab, Etanercept,

Golimumab and Adalimumab) have been used and outcomes were
promising [8, 65]. At present these drugs are under clinical trial
(phase I and II). JAK-STAT pathways is yet another important signaling pathway that regulates immune and inflammatory response
[66]. IL-6 has been reported to interact with JAK-STAT and activate
this cascade [27]. Thus, apart from using, anti-IL-6 antibodies, JAK
inhibitors can also be a novel therapeutic approach. However, use
of JAK1 and 3 inhibitors have been reported to interact and inhibit
IL-15, IL-21 and INFs, which is essential for viral clearance and inhibition of these cytokines could be fetal [9]. However, the use of the
JAK2 inhibitor has been reported to inhibit IL-17 (responsible for
cytokine activation), IL-6 and GM-CSF which are responsible for cytokine storm [67]. This seems to be a favorable approach. Apart
from the aforementioned drugs, several other anti-inflammatory
drugs such as NSAIDs, Sulfasalazine, Mesalazine and COX-2 inhibitors are being investigated [3, 68] but we strongly suggest to take
care while selecting these anti-cytokine/anti-inflammatory drugs,
as slightest of deviation can be fetal for patients.

Conclusion and Future Direction
Looking into the pathological role of cytokine storm and previous
background of anti-cytokine activity of anti-IL-6 or TNFα antibody,
we speculate that the use of these drugs can be beneficial but use
must be on a case to case basis. We also need to think of two aspects regarding the use of these drugs (1) when anti-cytokine therapy should be given? and (2), how safe these drugs are?. Based on
the published reports, it can be said that early use of anti-cytokine
therapy will be a better option, as compared to steroidal therapy
which is meant for immunosuppression [69]. Use of these drugs
should be avoided in case, patients are in intensive care. Concerning the safety, use of high dose anti-inflammatory drugs, in general causes tissue damage and potent anti-inflammatory drugs increase the risk of supra infection (bacterial and fungus infection).
However, till now, no such case of supra-infection have reported.
Therefore, in nutshell, anti-cytokine drugs have the potential to be
a choice of drugs for the management and treatment of COVID-19
associated ARDs and cytokine storm but large sample size study
will only decide their forthcoming future. Until now, for a healthy
individual, social distancing along with an active lifestyle and for
critically ill patients, plasma therapy appears to be a safer alternative, unless vaccine is introduced.
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