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Sphingolipids are potent bioactive agents involved in the pathogenesis of various respiratory bacterial infections.
To date, several sphingolipid derivatives are known, but S1P (Sphingosine-1-phosphate) and Ceramide are the
best-studied sphingolipid derivatives in the context of human diseases. These are membrane-bound lipids that
influence host-pathogen interactions. Based on these features, we believe that sphingolipids might control SARS-
CoV-2 infection in the host. SARS-CoV-2 utilizes the ACE-II receptor (Angiotensin-converting enzyme II receptor)
on epithelial cells for its entry and replication. Activation of the ACE-II receptor is indirectly associated with the
activation of S1P Receptor 1 signaling which is associated with IL-6 driven fibrosis. This is expected to promote
pathological responses during SARS-CoV-2 infection in COVID-19 cases. Given this, mitigating S1P signaling by
application of either S1P Lyase (SPL) or S1P analog (Fingolimod / FTY720) seems to be potential approach for
controlling these pathological outcomes. However, due to the immunosuppressive nature of FTY720, it can
modulate hyper-inflammatory responses and only provide symptomatic relief, which may not be sufficient for
controlling the novel COVID-19 infection. Since Th1 effector immune responses are essential for the clearance of
infection, we believe that other sphingolipid derivatives like Cermaide-1 Phosphate with antiviral potential and
adjuvant immune potential can potentially control SARS-CoV-2 infection in the host by its ability in enhancing
autophagy and antigen presentation by DC to promote T cell response which can be helpful in controlling SARS-
CoV-2 infection in novel COVID-19 patients.

other sphingolipid metabolites particularly S1P is critical for cellular
homeostasis as well as for immunity against infections.

1. Introduction

Sphingolipids are bioactive agents and amphipathic molecules and
are fundamentally involved in the pathogenesis of several respiratory
diseases ranging from asthma, cystic fibrosis (CF), chronic obstructive
pulmonary disease (COPD), and pulmonary infections [1] in the host.
Sphingolipids are interconvertible, and their metabolism is strictly
regulated. This enables them to both integrate and regulate a plethora of
cellular functions. Sphingosine-1-phosphate (S1P) and Ceramide and are
two most commonly studied sphingolipid metabolites and their rheostat
are important for the progression of various pathologies, which are
manifested by inflammatory cascade. While Ceramide and free sphin-
gosine induce cell death, S1P and Ceramide-1-phosphate (C1P) promote
homeostasis [2]. Therefore, a fine balance in the level of Ceramide and

Sphingolipids are amphipathic bio-molecules formally derived from
phosphorylation of p-sphingosine. These are produced mainly by two
pathways: de novo sphingolipid biosynthesis or by breakdown of cer-
amide. In de novo biosynthesis, the first step is the condensation of t-
serine and palmitoyl-CoA through the action of serine palmitoyl-
transferase to form 3-ketodihydrosphingosine, which is then reduced to
dihydro-sphingosine [3]. Acylation of dihydro-sphingosine produces
ceramide, which can form sphingomyelin after conjugating with phos-
phocholine. However, sphingosine cannot be synthesized by the de novo
pathway and is generated instead via the deacylation of ceramide
catalyzed by ceramidase by salvage pathway [4]. Phosphorylation of
sphingosine and ceramide by sphingosine kinases and ceramide kinase
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respectively generates S1P and ceramide-1-phosphate (C1P). This gets
further acylated to di-hydro-ceramide which gets de saturated ceramide
by the action of desaturase. Sphingomyelin is formed by the action
sphingomyelin synthase. In the salvage pathway, sphingomyelin is hy-
drolyzed to ceramide, and then ceramide is further hydrolyzed to
sphingosine, which is phosphorylated to S1P. This gets further acylated
to form Ceramide which after coupling with phosphocholine leads to the
formation of sphingomyelin [5]. The production of Ceramide from
Sphingomyelin by sphingomyelinase is of particular pathophysiological
relevance [6].

2. Sphingosine -1-phosphate (S1P) / Sphingosine kinase (SK)
and viral infections

A plethora of evidence suggested that S1P promotes the pathogenesis
in several inflammatory and tumor diseases. Although hundreds of
sphingolipid species have been identified in the past, SIP / Ceramide
[7-9] are the two best-studied sphingolipid derivatives studied in the
context of respiratory diseases [10-12]. In view of this, we here dis-
cussed various approaches of how modulating sphingolipids derivatives
may help in controlling SARS-CoV-2 infection in COVID-19 patients. S1P
is known to influence mast cells’ allergic response and other alveolar
cells like macrophages and epithelial cells, which serve as a significant
barrier for various pathogens and are expected to be relevant for con-
trolling pathogens. In this context, studies have demonstrated the as-
sociation of sphingolipids with viral tropism, viral-attachment,
viral-replication, and viral-pathogenicity of several viral infections [13,
14]; thus, sphingolipids indeed represent one of the potential targets for
controlling the viral disease. On account of this we here discussed the
significance of sphingolipid-based interventions for controlling
SARS-CoV-2 infection, developing effective therapeutics for controlling
the novel COVID-19 disease. Furthermore, several studies have sug-
gested that sphingolipid metabolites are involved in the replication of
Influenza A Virus (IAV). Increased SK1 activity in the IAV infected
promotes the synthesis and stability of viral ribo-nucleoprotein com-
plexes [15] in the infected epithelial cells.

Several reports have demonstrated a correlation between increased
turnover of S1P in virus-infected cells supporting viral replication in the
host. Additionally, increased levels of SK1/S1P lead to activation of
ERK-1/2 (extracellular signal-regulated kinases), MAPK (mitogen-acti-
vated protein kinases), and AKT signaling pathways, which further
promote viral replication in the host. Most intriguingly, impeded
expression of SK1 leads to a decrease in glycoproteins’ activity in the
IAV infected cells [16]. Therefore, the perturbation in the biosynthesis
or depletion of host sphingomyelin impairs viral maturation, budding,
and release of the infected cells’ viral nuclear particle [16]. Therefore,
the perturbation in the biosynthesis or depletion of host sphingomyelin
impairs viral maturation, budding, and release [16] of the infected cells’
viral nuclear particle. Similarly, it was demonstrated that SK1 is critical
for the nuclear export of viral proteins (NP, NS2, and M1) involved in
transporting VRNPs from the nucleus to the cytoplasm. Later, Tafesse
et al. projected that perturbation of host sphingomyelin biosynthesis
inhibited the transport of influenza virus HA and NA to the cell surface,
which in turn impaired viral maturation, budding, and release. Influenza
virus activates multiple signal transduction pathways (ERK pathways) to
make the intracellular environment extremely affordable for viral
propagation [17]. Interestingly SK1/S1P is associated with the inhibi-
tion of ERK and NF«kB pathway (nuclear factor
kappa-light-chain-enhancer of activated B cells) which are essential for
viral replication [18] and nuclear transport of viral ribo-nucleoprotein
complex respectively in the infected cell [19] and indicates that
increased levels of S1P / SK1 enzymatic activity support virus infection
in the host. On account of this, either pharmacological activation of S1P
Lyase or inhibition of SK1 is likely to control replication of SARS-Cov-2
virus as well in COVID-19 patients. Like IAV, human cytomegalovirus
(HCMV) increases SK1 activity which contributes to the efficient virus
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replication. Blockade of SK1 expression decreased the expression of
immediate-early IE1 protein, over expression of same elevated the
expression of IE1 proteins and virus particles [20]. Similarly, respiratory
syncytial virus (RSV) increased the activity of SK1 and the mRNA
expression of SK1 as well. Elevated activation of SK1 has shown to
enhance RSV-induced activation of ERK MAPK and AKT signaling
pathways which regulate the cell survival pathway upon infection.
SARS-CoV2 interacts with angiotensin-converting enzyme 2 (ACE2) re-
ceptors on alveolar epithelial cells for its attachment and entry [21,22].
Since ACE2 / Angiotensin-II receptors and S1P receptor 1 (S1PR1)
signaling is known to cooperate to promote IL-6 induced myopathy and
fibrosis [23] in a mouse model cardiac hypertrophy. On the basis of this
report, it is possible that a crosstalk of these receptors may contribute to
fibrosis in COVID-19 patients as well. Interestingly, S1PR1 signaling is
associated with Thl/ Th2 / 17 responses [24,25] in context dependent
manner. Apart from this, SIPR1 signaling promotes hypoxia, asthmatic
reactions [26] and anti-inflammatory response [27,28] in cancer pa-
tients. On account of this and increased expression of SK1 and S1P
turnover in the virus-infected host, it is logical to presume that increased
S1P signaling is likely to promote SARS-CoV-2 infection / replication in
COVID-19 patients and warrant investigation.

S1P is a potent "find me" signal inducing a sterile inflammatory
response, and may polarize M1 effector macrophages and CD4 + T cells
toward M2 (foamy macrophages), and regulatory T cell in the infected
organs (Ref). Moreover, S1PR1 signaling is known to activate Ras,
MAPK, PI3K/AKT, and mTOR pathways, which drive substantial Th2 /
17 responses [23] hypoxia, allergic manifestations [26] and aberrant
pathology which are anticipated to promote replication of SARS-CoV-2
infection and would account for novel COVID-19 related death. Given
S1P related pathogenic inflammation and association of SIPR1 and
ACE2 linked signaling, it is likely that S1P, despite its antibacterial po-
tential [29], might not be effective in controlling SARS-CoV-2 infection.
Hence blocking S1P response either by enhancing S1P lyase activity [30]
or inhibiting its binding to its receptor by use of analogue known as
FTY720 (Fingolimod) [31,32] may modulate the pathogenesis of novel
COVID-19 cases. Currently, FTY720 is being explored in the Phase-2
clinical trial against COVID-19 patients (NCT04280588, MRCTA,
ECFAH of FMU), and results are still awaited. Due to immunosuppres-
sive nature FTY720 is only expected to lower down the
hyper-inflammatory response and afford symptomatic/temporary relief
and unlikely to afford clearance of infection [33] in novel COVID-19
cases.

3. Ceramide/Ceramide-1 Phosphate as proposed anti-Covid 19
agents

In view of proviral attributes of S1P, exploring other sphingolipid
derivatives like Ceramide-1 Phosphate (C1P) with immune adjuvant and
antiviral potential [34,35] may help the host in controlling the novel
COVID-19 disease. Since free ceramide is potentially pro-apoptotic in
nature, phosphorylated ceramide or C1P can be used for the manage-
ment of disease pathology in COVID -19 patients. Unlike S1P, not much
is known how C1P could influence the viral replication in host. In this
context, one compelling study has demonstrated its potent
anti-retroviral and immune augmenting potential [46] against HIV
infection and on account of this, C1P is expected to qualify pharmaco-
logical criteria of being introduced/used as adjunct therapy against
COVID-19 disease. In view of this, mobilizing C1P in COVID-19 patients
seems to be appropriate strategies for interventions. Although there are
various ways by which C1P could be enhanced in the COVID-19 patients
for affording therapy. However due to feasibility and toxicity issues, we
here described two potential modalities that could be used as therapy
components. One of those is to supplement infected host or patients with
L-serine essential amino acid in conjunction with Palmitoyl CoA or its
analogs (due to kidney clearance issue) for increased synthesis of cer-
amide [36-38] in their plasma. Another strategy is to use ceramide
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Fig. 1. Impact of Ceramide-1 phosphate rheostat (Cer-1P"&1/S1P'°") for controlling SARS-Cov-2 in Covid 19 disease.

a. SARS-CoV-2 utilizes ACE-II receptors on epithelial cells for its entry and replication. Activation of ACE-II receptors is associated with the activation of S1IPR1
signaling which is known to promote Th2 effector immune responses and subsequent fibrosis. Activation of Sphingosine kinase 1 (SK1) is believed to promote viral
replication in ERK-1/2, MAPK and AKT dependent manner in lipid rafts and endosomal compartment. Blocking SK1 activity or use of S1P analogue (FTY720) can
lower down infection induced cytokine storm / fibrosis. This is anticipated to protect severely infected patients from harmful inflammatory response even after virus
is cleared. b. Mobilizing Ceramide-1 phosphate in the host by Ceramide Kinase (discussed in the text) represent another potential strategy for controlling SARS-CoV-2
infection by its potential of enhancing autophagy, M1 retuning of Th2/17 programmed macrophages and MHC-I restricted viral antigen presentation by M1 mac-
rophages to CTL for augmenting M1 / Thl programming in the host. Combining Ceramide-1 Phosphate can repurpose Remedsvir / Tocilizumab and polarize Th17
response towards Thl and mitigate fibrosis for effective eradication of viral burden in lungs. High C1P and low S1P rheostat is anticipated to promote M1/ Th1
programming inhibit pulmonary fibrosis and Th17 programming of lung which is pathogenic in nature and contribute to the infected related death. This will afford
help immune system to inhibit replication of virus effectively and contribute to anti-Covid-19 responses.

kinase enzymes or mimetic compounds [39] for enhancing C1P levels in
the infected cells. Both of these strategies are in their infancy and
deserve further attention. Since C1P is a potent activator of resting
macrophages [40-43], phagocytosis [44] and antigen presentation by
DC for promoting CTL responses [45] as depicted in Fig. la thus
certainly have potential of augmenting required adaptive immunity for
controlling SARS-CoV-2 virus in the host.

Taken together, we believe that enhancing the C1P gradient or its
synthesis by either L serine / Palmitoyl Co A ceramide analog [46] or
Ceramide kinase [47,48] is believed to augment required adaptive im-
munity [41,49,50] for controlling infection effectively as shown in
Fig. 1b.

4. Conclusion and perspectives

We here propose that Sphingolipid derivatives are promising drug
candidates for the management of novel COVID-19 disease. Further-
more, C1P based tailoring of Th1 effector immunity for the eradication
of infection is a translationally viable approach and deserves immediate
attention. We strongly anticipate that C1P would promote the killing of
infected cells and resolve infection in moderate to severely infected
cases. On account of this, ceramide derivatives can be exploited as drug
candidates for controlling SARS-CoV-2 against novel COVID-19 disease.
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