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Is it possible to develop a reliable, safe treatment for the widespread COVID-19 pandemic shortly? COVID-19 is
characterized by a disruptive cytokine storm, quickly and often irreversibly damaging the patient’s lungs, as its
main target organ, leading to lung failure and death. Actual experimental therapies are trying to reduce the
activation of some specific cytokines, such as IL-6, somewhat reducing the burden for the patient. However, they
are often unable to block the whole storm occurring at the cytokine level. In presence of the cytokine storm,
especially in severe patients, antagomiRs, already demonstrated to be efficient and secure in cardiovascular

disease, could represent a useful alternative to such treatment, customizable upon the disease specificities and
applicable to other coronaviruses possibly associated with such clinical manifestations, while a reliable, efficient

vaccine is being distributed.

1. Introduction

COVID-19, the novel coronavirus spreading worldwide since
January 2020, accounts for more than 14 million cases in the world,
with nearly 600,000 deaths as of July, 19th, 2020 (https://www.who.
int/docs/default-source/coronaviruse/situation-reports/20,200,719-
covid-19-sitrep-181.pdf?sfvrsn = 82352496_2). Until specific treat-
ments are developed, strategies for quickly challenging the syndrome’s
main symptoms are needed to reduce as much as possible the number of
deaths and severe cases, as well as the consequences for public health
and the health system in general.

From a clinical point of view, COVID-19, like other coronaviruses,
including SARS and MERS, features severe acute respiratory problems,
fast driving to pulmonary edema, and, to a larger extent, lung failure
[11.

Mehta and colleagues’ [2] and other works highlighted that these
symptoms are largely associated with a so-called “cytokine storm”,
already displayed in other viruses, including H5N1 influenza, and
associated with excessive levels of pro-inflammatory cytokines and
widespread tissue damage. Such event features extremely high serum
levels of several compounds, including IL-1p, IL-2, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-17, G-CSF, GMCSF, IFN-y, TNF-a, IP10, MCP1, MIP1A, and

MIP1B, some of which (IL-2, IL-7, IL-10, G-CSF, IP10, MCP1, MIP1A, and
TNF-a) somewhat related to the severity of the condition, as being re-
ported to be even higher in ICU patients [1-4]. The cytokine storm leads
to diffuse vascular injury, in turn causing thrombosis mainly in the lung,
but also other target organs.

Indeed, one of the consequences of the extremely quick viral repli-
cation and strong pro-inflammatory response where cytokines play a
major role is represented by the induction of apoptosis in lung endo-
thelial and epithelial cells. As such, this event leads to damage at the
level of the pulmonary microvascular and alveolar epithelial cell bar-
riers, in turn driving to vascular leakage and alveolar edema. Taken
together, such occurrence brings to significant hypoxia in the affected
individual, that is a cornerstone for the survival of the patient itself given
that Acute Respiratory Distress Syndrome (ARDS) is well recognized as
the major cause of death in similar conditions, mainly including other
coronaviruses (SARS-CoV and MERS-CoV) [5,6] (Fig. 1).

Such lung acute inflammation and related damage processes, like
those mediated by cytokines, occurring in COVID-19 patients, often
feature a pivotal role for microRNAs, small (22 nucleotides on average)
non-coding RNA molecules, present in plants, viruses, and animals,
capable of modulating the expression of hundreds of genes in a syner-
gistic or antagonistic fashion. Their role and their relationship with the
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cytokine storm occurring in COVID-19 could pave the way for novel,
fast, effective treatment strategies alternative to biological approaches
including antivirals or monoclonal antibodies.

2. Role for miRNA in respiratory syndromes

According to several works, some miRNAs are potential candidates
for mediating this process in acute respiratory syndromes with inflam-
matory fingerprints.

Among them, miR-125b, well known for its involvement in carci-
nogenesis, was seen to be positively associated with the expression of
TNF-a, IL-1p, and IL-8, cytokines found to be involved in the acute
exacerbation of Chronic Obstructive Pulmonary Disease (COPD) [7] and
among the main responsible for the cytokine storm occurring in the
COVID-19.

Another evidence in favour of the association between miRNAs and
inflammatory cytokines was seen for miR-21, an oncogene, profibrotic
molecule that, at least in murine models, was seen to be associated with
acute inflammatory processes at the lung level mediated by the classic
“triad” of pro-inflammatory cytokines, IL-1p, IL-6, TNF-a [8,9]. Besides,
it was also seen that its upregulation increases the expression of IL-8 and
tumorigenesis in airway epithelial cells exposed to cigarette smoke [10].

The reduction of microRNA expression was already seen to be a
possible way to relieve acute symptoms of lung inflammation and
distress, as found in the case of the miR-138 downregulation and asso-
ciated clinical improvement noticed after metformin treatment in mouse
models of ARDS. In such a protocol, also the levels of TNF-a, IL-16, IL-6,
and IL-17 were significantly reduced after the treatment, confirming the
manifold validity of the approach [11].

Under similar principles, also the specific downregulation of miR-
199a brought to the inhibition of the upregulation of inflammatory cy-
tokines (including TNF-a, IL-1p, IL-6) in alveolar macrophages and
induced the remission of histopathologic changes, the reduction of
proinflammatory cytokines, and the upregulation of apoptosis protein
expression in an ARDS lung, in turn showing a role for miR-199a [12].

Finally, miR-146a and miR-146b are also involved. Indeed, in acute
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COPD, miR-146a was seen to be negatively associated with TNF- a, IL-6,
IL-8, whereas miR-146b is negatively associated with IL-1pB, possibly
representing further compounds to be taken into account when pro-
moting or inhibiting the activity of miRNAs [13].

3. Discussion: AntagomiRs as a novel therapeutic strategy for
COVID-19 and future pandemics

In this framework, antagomiRs, a novel class of chemically engi-
neered oligonucleotides, specific silencers of endogenous miRNAs, could
act as the cornerstone of a more novel therapeutic approach than
common treatment methods, featuring much higher customizability and
a wider range of activity in terms of target compounds eventually
silenced or downregulated at a larger extent. Such treatments could act
with a good efficacy in those subjects presenting severe conditions due
to the cytokine storm related to COVID-19 infection. AntagomiRs,
possibly provided by systemic administration of polymer-based nano-
particles encapsulating the oligonucleotides [14,15], can be applied to
specifically tailor the activity of key miRNAs involved in the inflam-
matory process, improving the clinical outcome of the patients affected
[16].

In cardiovascular diseases, the use of antagomiRs was already
demonstrated to provide optimal results within in-vivo and ex-vivo ex-
periments. Indeed, several clinical trials demonstrated that such com-
pounds could be considered highly safe and efficient in different
conditions, with positive results obtained both in animals and human
models, justifying their application in large-scale studies and clinical
trials [17].

Indeed, the use of antagomiRs would not specifically inhibit the
action of an only cytokine as occurring, for example, with tocilizumab,
the immunosuppressor commonly used in Rheumatoid Arthritis selec-
tively targeting the IL-6 receptor, therefore blocking a portion of the
whole cytokine storm occurring in COVID-19 patients. AntagomiRs,
easy to be produced in the laboratory, and cheaper than traditional
biological approaches - especially when produced on a large scale -
could be customized upon the immunological hallmarks of a given
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Fig. 1. Possible action of antagomiRs blocking the miRNA-cytokine storm cascade related to acute lung damage.
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condition to block the activation of a range of compounds, effectively
tailoring the whole cytokine storm, to prevent the patient from having
serious, life-threatening complications associated to the COVID-19.
Specifically, within the COVID-19 framework, such compounds should
be designed to block the activity of one or more of the following cyto-
kines, identified in previous literature works: IL-2, IL-4, IL-6, IL-7, IL-10,
IP-10, MCP-1, MIP1A, G-CSF, IFN-y, TNF-a (for a complete outline about
their specific role in COVID-19, see [18]).

More importantly, the application of antagomiRs would not be
limited to this novel coronavirus, actually representing a pandemic,
according to the WHO, but can be extended to future pandemics,
featuring cytokine storm. Indeed, the development and application of a
set of antagomiRs, depending on the hallmarks of a given disorder, could
potentially challenge the symptoms associated with such a virus. This
could eventually bring to a decrease in the overall mortality caused by
coronaviruses and lung inflammatory diseases and, to a much larger
extent, to considerable savings for the national health services.
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