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A B S T R A C T

The COVID-19 pandemic has led to twin public health and economic crises around the world. Not only has it cost
hundreds of thousands of lives but also severely impacted livelihoods and placed enormous strain on community
healthcare and welfare services. In this review, we explore the events associated with SARS-CoV-2 pathogenesis
and host immunopathological reactivity due to the clinical manifestations of this coronavirus infection. We
discuss that the metallopeptidase enzyme ADAM17, also known as tumor necrosis factor-α-converting enzyme,
TACE, is responsible for shedding of angiotensin-converting enzyme 2 and membrane-bound interleukin (IL)-6
receptor. This leads to elevated pro-inflammatory responses that result in cytokine storm syndrome. We argue
that cytokine balance may be restored by recovering an IL-6 trans-signaling neutralizing buffer system through
the mediation of recombinant soluble glycoprotein 130 and recombinant ADAM17/TACE prodomain inhibitor.
This cytokine restoration, possibly combined with inhibition of SARS-CoV-2 entry as well as replication and
coagulopathy, could be introduced as a novel approach to treat patients with severe COVID-19. In cases of co-
morbidity, therapies related to the management of associated disease conditions could ameliorate those clinical
manifestations.

1. Introduction

The healthcare services of nations the world over were caught un-
prepared for the recent emergence of the coronavirus disease (COVID)-
19 pandemic caused by infection with a novel human pathogen, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Scientists are
now urgently seeking possible therapeutic interventions. Currently,
proposals are made daily, and, with no confirmed drugs available yet,
several of these are being considered for trial [1,2]. The global bio-
medical research community is sharing ideas and data on various open
access platforms at a time when it is important to consider the validity
of all possible approaches, reports, case studies and hypotheses. We
appear to still be near the bottom of a steep learning curve to under-
stand the complex interactions in COVID-19 immunopathogenesis [3].
It is therefore imperative to act fast, while adhering to approved reg-
ulatory guidelines, in order to not miss any opportunity to advance
knowledge of the disease process and ways in which it can be

prevented.
As treatment options, there is a focus on viral pathogenesis and

management of either cytokines or clinical symptoms [4,5]. We argue
that a multi-pronged strategy could prove effective as the clinical
manifestations of COVID-19 are shown to be interconnected. Very re-
cently, the antiviral remdesivir passed through a randomized, double-
blinded, placebo-controlled trial and the US Food and Drug Adminis-
tration has issued an authorization for emergency use of this drug for
hospitalized COVID-19 patients [6–8]. Dr. Anthony Fauci, Director of
the National Institutes of Allergy and Infectious Diseases, was reported
as saying that the upcoming second Adaptive COVID-19 Treatment
Trial “will examine if adding an anti-inflammatory agent to the re-
mdesivir regimen can provide additional benefit for patients, including
improving mortality outcomes” [7].

We consider that a combined approach should be evaluated in
which antiviral and immune modulatory drugs or inhibitors may show
better prospects for reducing cytokine storm severity. Interleukin (IL)-6
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is an inflammatory cytokine that has been demonstrated to play a
leading role in cytokine storm syndrome. Studies have shown that an
imbalance in molar concentrations of IL-6, membrane-bound IL-6 re-
ceptor (IL-6R) and its soluble form (sIL-6R) can lead to up-regulation of
IL-6-mediated trans-signaling, thereby initiating formation of a cyto-
kine storm [9]. Together with sIL-6R, a soluble form of glycoprotein
130 (sgp130) constitutes an IL-6 neutralizing buffer system [10]. ADAM
Metallopeptidase Domain 17 (ADAM17), also known as tumor necrosis
factor-α converting enzyme (TACE), is a membrane-bound enzyme that
cleaves IL-6R to produce sIL-6R and which is responsible for disrupting
fine tuning of the neutralizing buffer system [11]. In order to develop
an effective therapeutic strategy for COVID-19 new investigations
should consider approaches that can provide control over both viral
replication and cytokine imbalance. We have analyzed the different
factors involved in these complex clinical manifestations as an inter-
active model. In light of the insights gained we propose that if ad-
ministered along with antivirals a combination of ADAM17/TACE
prodomain inhibitor (TPD), sgp130Fc protein (a recombinant form of
sgp130) and anti-coagulant may produce enhanced outcomes in
COVID-19 patient recovery.

2. Explaining cytokine storm and associated complications in
COVID-19

Acute respiratory distress syndrome (ARDS) is identified as the
cause of death in COVID-19 cases [12]. Typical manifestations of ARDS
include inflammation, barrier disruption, airspace edema, cell injury
and cell death [13]. In COVID-19 patients, all these events are con-
sequences of hyperinflammation induced by cytokine storm in which
IL-6 plays a major role [14,15]. Uncontrolled production of pro-in-
flammatory cytokines (principally IFN-α, IFN-γ, TNF-α, IL-1β, IL-6, IL-
2, IL-12 and TGF-β) is a commonly reported feature of cytokine storm
syndromes in severe COVID-19 patients [16,17]. Of these cytokines, IL-
6 is distinguishably notable because of its function in initiating pro-
inflammatory responses via the IL-6 trans-signaling pathway. IL-6
presents a dual face in inflammatory responses [15]. Depending on its
signaling cascade it can be either pro-inflammatory or anti-in-
flammatory. Complete IL-6 signaling requires binding of IL-6 to IL-6R
and subsequent association of IL-6/IL-6R complex with gp130 receptor.
IL-6R is expressed on hepatocytes and leukocytes while gp130 is ex-
pressed ubiquitously by all cells in the body. IL-6R is distributed in two
distinct forms, sIL-6R and IL-6R. When IL-6 binds to sIL-6R and IL-6/
sIL-6R complex associates with gp130, this initiates trans-signaling,
which is pro-inflammatory in function. In contrast, in the event of IL-6
interacting with IL-6R, IL-6/IL-6R complex associates with gp130 to
trigger classical (cis)-signaling, which is anti-inflammatory [18]. Trans-
signaling involves activation of endothelial cells and smooth muscle
cells, mononuclear cell recruitment and apoptosis of neutrophils, che-
mokine expression, and T cell expression and recruitment [19]. Con-
versely, classical-signaling plays protective roles via stimulation of in-
testinal regeneration, induction of hepatic acute phase responses and
inhibition of epithelial cell apoptosis [20]. During infection, IL-6 trans-
signaling is first to appear, classical-signaling activating later to reg-
ulate the inflammation caused by trans-signaling-induced pro-in-
flammatory responses [18,21].

Found in the peripheral circulation, sgp130, a naturally soluble
form of gp130, is generated by alternatively spliced mRNA rather than
by proteolytic cleavage [9]. There are three different forms of sgp130.
Although the individual function of different forms is not yet known but
they have been shown to bind to IL-6R with varying efficacy [22]. The
sgp130 is the natural inhibitor of IL-6 trans-signaling [18,23]. sgp130
shows high specific affinity for IL-6/sIL-6R complex but not for either
IL-6 or sIL-6R alone. It also confers protection from trans-signaling-
mediated inflammation by forming a neutralizing buffer with IL-6/sIL-
6R complex. The polarization from trans- to cis-signaling is fully de-
pendent on the relative concentrations of IL-6, sIL-6R and sgp130. In

healthy individuals, IL-6 is barely detectable in plasma, ranging be-
tween 2 and 6 pg/ml. Yet, during inflammation IL-6 concentrations
increase massively and can reach µg/ml levels. At steady state, sIL-6R
levels are in the range of 75 ng/ml and those of sgp130 are approxi-
mately 250–400 ng/ml. During acute inflammation, concentrations of
IL-6 can increase up to a million-fold, but sIL-6R rises only 2- to 5-fold
while sgp130 remains constant. As soon as antigen-presenting cells
(APC) trigger the pro-inflammatory cascade, IL-6 binds to sIL-6R and
the resultant IL-6/sIL-6R complex is neutralized by the action of sgp130
inhibiting trans-signaling [24]. Trans-signaling occurs if the molar
concentration of sIL-6R becomes higher than that of both IL-6 and
sgp130. The binding of sgp130 is highly specific but not sufficient to
block IL-6 trans-signaling [23]. The neutralizing buffer complex of IL-6/
sIL-6R/sgp130 will be formed until sIL-6R exceeds the molar con-
centration of IL-6. When this occurs, sgp130 cannot trap all available
sIL-6R and trans-signaling starts, whereby IL-6/sIL-6R complex binds to
membrane-bound gp130 available on any cells [23,24]. However, when
IL-6 exceeds the molar concentration of sIL-6R, sgp130 traps all avail-
able IL-6/sIL-6R complex, then the circulating free IL-6 binds to IL-6R
and thereby initiates cis-signaling to maintain cytokine homeostasis
[18,25].

In the event of ADAM17 activation, IL-6 fails to switch from trans-
to cis-signaling, uncontrolled release of pro-inflammatory cytokines
occurs which precipitates a cytokine storm [11,26]. Activated ADAM17
sheds IL-6R to become sIL-6R [11,27]. Continuous shedding raises the
concentration of sIL-6R above normal and soluble receptors form IL-6/
sIL-6R complexes. Protective sgp130 fails to trap these abundant IL-6/
sIL-6R complexes, which are able to bind to gp130 receptors on en-
dothelial cells and fibroblasts [23]. As these cells possess gp130 re-
ceptors, a prerequisite for trans-signaling, activation via trans-signaling
triggers endothelial cells to express intercellular adhesion molecule-1,
vascular cell adhesion molecule-1, IL-8, macrophage chemoattractant
protein-1 and IL-6. It is IL-6 that thereby attracts more leukocytes to the
infection site [28]. By means of this ADAM17-mediated shedding event
the pro-inflammatory cascade skips IL-6 classical-signaling and thus
prevents establishment of cytokine homeostasis. Trans-signaling can
activate all cells of the human body to release pro-inflammatory cyto-
kines [23]. Therefore, as an unavoidable consequence, cytokine storm
is initiated (Fig. 1) [18,26]. Macrophage activation and polarization are
also found to be correlated with IL-6 and its receptor. M1 macrophages
are responsible for amplifying the inflammatory feedback loop whereas
M2 macrophages are anti-inflammatory and therefore critical to es-
tablishing metabolic control and tissue homeostasis [29,30]. Studies
have shown that blockade of IL-6R function positively correlates with
activation of M1 macrophages as well as with IL-6 trans-signaling-
mediated pro-inflammatory responses. IL-6 classical-signaling directly
induces IL-4 expression, which is a potent inducer of M2 macrophage
polarization [31,32].

Trans-signaling by endothelial cells may result in increased vascu-
lopathy, fibrosis, endothelial dysfunction, vascular permeability and
disseminated intravascular coagulation [28,33]. Histopathological ex-
amination of fatal cases of COVID-19 has revealed evidence of a dis-
turbed vascular equilibrium due to vasoconstriction with organ
ischemia, tissue edema and a pro-coagulation state [34,35]. Exceptions
have been observed in patients with an Ala358 variant as well as pa-
tients with an rs2228145 single nucleotide polymorphism in multiple
inflammatory disease models [36,37]. Patients with these variants show
greater shedding of IL-6R than is normal, resulting in significantly
higher levels of sIL-6R than detected in healthy individuals. Interest-
ingly, these patients appear to have a lower risk of acquiring multiple
metabolic diseases like congestive heart disease, abdominal aneurism,
rheumatoid arthritis and Crohn’s disease [38,39]. This protection may
be explained by increased action of a neutralizing buffer system in re-
sponse to elevated sIL-6R [40].

Lungs are ‘ground zero’ for SARS-CoV-2 pathogenesis. The virus
gains entry by binding to the angiotensin-converting enzyme 2 (ACE2)
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receptor that is expressed on the membrane of respiratory tract epi-
thelial cells [41,42]. In response to this event APC rapidly activate a
pro-inflammatory cascade, and hence SARS-CoV-2 entry and replica-
tion are linked directly to virus killing of lymphocytes as well as to the
aberrant release of cytokines [43,44]. The ensuing massive loss of
lymphocytes contributes to the phenomenon known as lymphopenia
that is commonly observed in COVID-19 [44-46]. ACE2, an important
regulator of the renin-angiotensin system (RAS), plays a major role in
blood pressure homeostasis and prevention of lung injury by converting
angiotensin (Ang) II to Ang 1-7 [47]. Ang II, a vasoconstrictor hormone,
directly triggers pro-inflammatory responses as well as stimulating the
release of IL-6, IL-8 and TNF-ɑ by M1 macrophages via up-regulation of
NF-κB. Ang II is also responsible for fibrosis, vascular damage and hy-
poxia [48,49]. Ang 1-7 is a vasodilation hormone that is responsible for
anti-inflammatory responses and which thus acts to prevent lung injury.
Ang 1-7 up-regulates M2 macrophage-mediated anti-inflammatory cy-
tokines and reduces circulating levels of IL-6 and TNF-ɑ as well as of
other pro-inflammatory responses by down-regulating NF-κB [50,51].
Therefore, during COVID-19 pathogenesis ACE2-mediated conversion
of Ang II to Ang 1-7 is required to maintain cytokine homeostasis as
well as to offer protection from cytokine storm.

Interestingly, once SARS-CoV-2 enters host cells, ACE2 becomes
down-regulated. Down-regulation of ACE2 is achieved by ADAM17-
mediated shedding, whereby membrane-bound ACE2 is shed to a so-
luble form of ACE2 (sACE2) [52].

Another shedding protease of ACE2, named transmembrane pro-
tease, serine 2 (TMPRSS2), has a differential cleavage site to ADAM17
and consequently the two are compared. ACE2 cleavage by TMPRSS2
requires arginine and lysine residues within ACE2 amino acids 697 to
716 whereas in the case of ADAM17 arginine and lysine residues within
ACE2 amino acids 652 to 659 are critical [53,54]. Studies of both SARS-
CoV and SARS-CoV-2 have shown that TMPRSS2-mediated ACE2

cleavage is involved in spike protein-mediated coronavirus entry and
promotes its uptake by the host cell [55,56]. ADAM17-mediated
shedding events were not found to modulate virus entry but instead are
associated with ACE2 ectodomain shedding [55]. As ADAM17-medi-
ated multiple shedding events have a profound effect on cytokine bal-
ance our discussion is focused on ADAM17 activation and regulation.

ADAM17 is expressed by almost all types of tissues but its cell
surface activity is tightly regulated. In the presence of inactive rhom-
boid-like protein (iRhom) 1 and 2, crucial upstream regulators of
ADAM17-dependent epidermal growth factor receptor signaling,
ADAM17 is transferred from the Golgi apparatus to the plasma mem-
brane. In the absence of iRhom1 or iRhom2, ADAM17 mRNA is still
expressed but trafficking to the cell membrane does not take place
[40,57]. The prodomain of ADAM17 inhibits its proteinase and shed-
ding activities while its release results in ADAM17 activation [23,40].
The process by which ADAM17 is stimulated to initiate shedding events
is not fully elucidated. However, it is apparent that the early stages of
lymphopenia and the presence of Ang II type 1 receptor (AT1R) are
potent activators of ADAM17-mediated shedding activity [58,59]. By
shedding ACE2, ADAM17 both inhibits the production of Ang 1-7 and
increases Ang II levels in COVID-19 patients [60]. Down-regulation of
ACE2 is thus related to RAS imbalance, an elevated pro-inflammatory
response and multi-organ damage from SARS-CoV-2 infection [61].

Pro-inflammatory cytokines can up-regulate the coagulation system
while down-regulating important physiological anticoagulant pathways
[62,63]. Thrombin, a key component of the coagulation cascade, is
known to stimulate ADAM17-mediated shedding events [57]. Platelets
also express gp130 on their membrane, so therefore are capable of IL-6
trans-signaling. Platelet-derived IL-6 trans-signaling is associated with
inflammation of damaged blood vessels and thrombogenicity [64].

Thrombin converts fibrinogen into fibrin in order to stabilize a
blood clot. Tissue plasminogen activator (tPA) and urokinase

Fig. 1. Establishment of cytokine storm in COVID-19. From upper left to right: SARS-CoV-2 binds with ACE2, thereby facilitating entry of viral RNA into the host cell;
ACE2 is shed by ADAM17; Ang II triggers pro-inflammatory responses via M1 macrophages. Centre: IL-6/sIL-6R complexes are neutralized by sgp130 until the
concentration of sIL-6R is lower than that of IL-6. Lower left: When infection is activated ADAM17 triggers IL-6R shedding. Once the concentration of sIL-6R is higher
than that of IL-6, sgp130 cannot neutralize increased levels of IL-6/sIL-6R complexes. IL-6 trans-signaling is triggered and, as a consequence, cytokine storm is
initiated.
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plasminogen activator (uPA) trigger the formation of plasmin, the
presence of which breaks down clots by a process called fibrinolysis.
Both tPA and uPA can be inhibited by plasminogen activator inhibitor-1
(PAI-1). The balance between tPA/uPA and PAI-1 ensures homeostasis
of the blood circulation system, disturbance of which is observed during
COVID-19 ARDS [65]. Non-specific ARDS patients have significantly
higher plasma levels of PAI-1 compared to non-ARDS patients [65,66].
There is strong evidence to suggest that IL-6 and sIL-6R are responsible
for increased expression of PAI-1 and for decreased expression of tPA
and uPA. This clearly indicates the involvement of IL-6 trans-signaling
in thrombosis [67,68]. Moreover, Ang II also stimulates PAI-1 expres-
sion by endothelial cells, contributing to disruption of the balance be-
tween PAI-1 and tPA/uPA to establish a hypercoagulable state [65].

Pulmonary thrombosis may result in retraining of the compensatory
ventilation response, as well as in vascular leakage, alveolar edema,
severe hypoxia and multi-organ failure [35,63]. This phenomenon
could be linked to the multi-organ dysfunction and blood clotting that
are observed in fatal cases of COVID-19 [69]. Endothelial dysfunction
and damaged vessels could be linked to SARS-CoV-2 spread in multiple
organs. We believe our proposed model also explains COVID-19 se-
verity with comorbidities like hypertension, diabetes mellitus, coronary
heart disease and cerebrovascular disease. Of note, serum concentra-
tions of sIL-6R and sgp130 are significantly lower in type 2 diabetes
patients compared to healthy individuals [37]. Similar findings were
confirmed for patients awaiting coronary artery surgery [70,71]. These
data firmly demonstrate that comorbid patients already have lower
levels of IL-6 trans-signaling protective buffer, which renders them
more prone to induction of IL-6 trans-signaling within a short time-
frame [37]. Individuals with pre-existing metabolic disease conditions
already possess inflammation and consequent pro-inflammatory re-
sponses [72]. SARS-COV-2-mediated ADAM17 activation therefore fa-
cilitates disruption of cytokine equilibrium. Hence, such patients de-
velop cytokine storm syndrome as an unavoidable outcome of
comorbidity [15].

3. Prospects of therapeutic combinations

Many therapeutic strategies against SARS-CoV-2 are already pro-
posed and undergoing testing. Some of these approaches target virus
replication while others relate to blockade of cytokines [73,74]. Un-
fortunately, none is yet proven to show fully protective effects and thus
to promote patient recovery from disease. We believe that there is
unlikely to be a ‘magic bullet’ for COVID-19 treatment, at least not
anytime soon. Rather, a combinational drug strategy should be ad-
vocated as a realistic alternative treatment regimen. Clinical manifes-
tations of disease should be observed from a holistic perspective as viral
replication, cytokine storm, coagulation and other events occur si-
multaneously or in very rapid succession. In addition, at the time they
are admitted to critical care facilities the extent of disease progression is
specific to each patient, so it becomes extremely challenging for
healthcare providers to address the therapeutic needs of the individual.
Therefore, based on this complex scenario, in aiming to reduce the
severity of disease for as many critical care patients as possible a
guideline combinational regimen of treatment with several therapeutics
is preferred.

Since patients with comorbidity are likely to experience cytokine
imbalance, we consider the first priority to be rescue from cytokine
storm. In order to restore the cytokine balance efforts should be taken
to switch IL-6 trans-signaling to classical-signaling and to curtail
ADAM17-mediated shedding events. In this regard, we propose the use
of sgp130 and ADAM17 inhibitor with high specificity, which may
show considerably more therapeutic potential than either a global cy-
tokine inhibitor or IL-6R inhibitor [75,76]. We have already discussed
how sgp130 forms a protective neutralizing buffer against IL-6 trans-
signaling. Multiple studies have confirmed that sgp130 is highly spe-
cific to IL-6 trans-signaling [19,77]. It inhibits IL-6 trans-signaling by

trapping IL-6/sIL-6R without influencing the protective roles of IL-6
classical-signaling. In the event of cytokine storm, it is necessary to
neutralize the sIL-6R function without any compromise to broader IL-6
activity [24]. Anti-inflammatory drugs often inhibit global IL-6 function
or global immune suppression, whereas it is evident that selective in-
hibition of IL-6 trans-signaling is greatly superior in this regard to
global suppression of IL-6 [78]. Immunosuppressive drugs can inad-
vertently prove fatal to patients with comorbidity by increasing their
susceptibility to new infection [79]. A recombinant protein, sgp130Fc,
was developed in which the extracellular portion of gp130 is fused to
the Fc portion of human IgG1 antibody [10,20]. Using sgp130Fc, suc-
cessful inhibition of IL-6 trans-signaling can be achieved both in vitro
and in vivo without affecting IL-6 classical-signaling at low concentra-
tions [19,24]. Moreover, it has been reported that sgp130Fc achieves
more effective inhibition (10- to 50-fold) of IL-6 trans-signaling than
does sgp130 monomer itself [80]. This protein also showed superior
results over the anti-IL-6-R antibody tocilizumab and proved that in-
hibition of trans-signaling is more desirable to global blockade of IL-6
signaling [24].

By the time sgp130Fc forms neutralizing buffer to trap excess sIL-6R
complex it is also necessary to inhibit ADAM17-mediated IL-6R and
ACE2 shedding events [20]. We should bear in mind that the entire IL-6
signaling pathway is concentration-dependent. Under normal circum-
stances upon activation IL-6 can increase in level many folds higher
than sIL-6R whereas sIL-6R increases only modestly. It is worth noting
that at steady state the concentration of sIL-6R is not related to
ADAM17 shedding but instead depends on differential splicing of IL-6R
mRNA [9]. ADAM17-mediated shedding events act to increase sIL-6R
concentration continuously. Therefore, we also need to block proteo-
lytic cleavage of IL-6R in order to reduce the sIL-6R molar concentra-
tion lower than that of IL-6. If and when the concentration of IL-6 ex-
ceeds that of sIL-6R sgp130Fc neutralizes trans-signaling and IL-6
classical-signaling commences.

Inhibition of ADAM17 will suppress ACE2 shedding [76]. Through
this mechanism Ang II concentration is reduced and M2 macrophage-
mediated anti-inflammatory responses are triggered [50]. For this
purpose, ADAM17 inhibition may be considered as the preferred and
most targeted approach [81]. Therapeutic targeting of ADAM17 in-
hibitor has necessarily to be highly specific and non-toxic. Several
ADAM17-based drug candidates have been tested in the past, of which a
number were discontinued due to their lesser efficacy and higher
toxicity [82]. Recently, a recombinant ADAM17/TACE prodomain
(TPD) was developed, which is reported to be stable, highly specific and
auto-inhibitory [83]. This inhibitory prodomain binds to human TACE
in a precise manner and successfully inhibits shedding events. Most
importantly, this inhibitor is noted not to share any sequence homology
with any other related proteins from the ADAM family, to fold correctly
and to remain stable in vivo, properties that collectively make it a prime
candidate as an ADAM17 prodomain inhibitor [83,84]. The therapeutic
potential of TPD was illustrated by its successful blocking of IL-6 trans-
signaling involved in severe disease pathology [85]. A combination of
both sgp130Fc and TPD may rescue the balance between cytokines
(Fig. 2).

While protecting ACE2 receptor from shedding will protect from
Ang II- and AT1R-mediated ADAM17 activation and pro-inflammatory
responses, paradoxically it also offers an opportunity for virus entry by
binding of SARS-CoV-2 spike protein to ACE2 receptor [86]. ACE2 re-
ceptor is distributed across a wide range of cell surfaces that may
provide potential targets for virus spread if replication is not controlled
[87–89]. Hence, use of an antagonist to SARS-CoV-2 entry or replica-
tion should additionally be investigated. The mechanisms by which
virus entry is inhibited have been explained in detail in current works
[90,91], and therefore are not part of this discussion.

Lastly, the coagulation observed in some COVID-19 cases should not
be overlooked [69]. Patients could be admitted to hospital at any stage
of disease progression and those with comorbidity who may already
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have higher sIL-6R are susceptible to developing trans-signaling-asso-
ciated intravascular coagulation. Therefore, anticoagulant administra-
tion may have a beneficial effect if used in combination with TPD,
sgp130Fc and a candidate antiviral. Already, use of anticoagulants has
shown a degree of therapeutic value [92].

4. Future challenges

Recently, an open-label, randomized, phase 2 trial of a triple drug
combination was announced. This reported a better outcome by using
two antiviral drugs, lopinavir-ritonavir and ribavirin, in combination
with immunomodulatory cytokine IFN-β-1b [93]. The findings of this
study support our notion to develop a combinatorial therapeutic ap-
proach with emphasis on IL-6 signaling modulation. However, we
prefer to consider immune-modulation by inhibiting IL-6 trans-sig-
naling specifically rather than by a global means. A complex and in-
terconnected picture of the immunopathogenesis observed in COVID-19
is described herein. Following consideration of these networked events
we propose a combinatorial drug-based approach to therapy that in-
cludes TPD in order to inhibit shedding of ACE2 and IL-6 that ulti-
mately cascades to cytokine storm, sgp130Fc in order to restore cyto-
kine balance, an antiviral in order to reduce viral load, and an
anticoagulant in order to avoid inflammation-associated coagulopathy.
Theoretically at least, we consider that this drug combination may well
promote enhanced recovery from COVID-19, yet its safety and efficacy
first needs to be explored fully by pre-clinical testing and in clinical
trials.

To our knowledge, sgp130Fc has passed successfully toxicology tests
and phase I clinical trial, although confirmatory data await publication.
Based on this premise, multiple phase II trials are ongoing in China,
Taiwan and South Korea [94]. Another potential candidate, TPD pro-
tein, has not yet undergone clinical trial. A group from The Weizmann
Institute of Science in Israel is researching the development of TPD for

clinical use [personal communication].
To date, there are still no regulatory approved therapeutic ap-

proaches with which to fight this pandemic. However, the US National
Institutes of Health have announced a keenly anticipated clinical trial of
the anti-inflammatory drug baricitinib plus the antiviral remdesivir co-
administered for treatment of COVID-19 patients [7]. From prior ex-
perience, we prefer selective inhibition to global suppression of in-
flammatory cytokines as it is proven to be beneficial in pathophysio-
logical states and to curb disease progression [40,95].

5. Concluding remarks

With a view to developing a promising drug candidate against
COVID-19 there is a pressing need right now to bridge existing
knowledge gaps and to use the lessons learned from previous trials. In
order to address the treatment plan for COVID-19 it should be re-
membered that the disease manifestations are not caused simply by an
imbalance of a single biomolecule. Rather, they reflect an overall dys-
function of the convoluted and intricate immune system due to cytokine
imbalance and other associated complex events that are triggered by
SARS-CoV-2 infection. Therefore, future development of a therapeutic
strategy should recognize the advantages of a combinatorial approach
over a reductionist, single drug-based therapy. However, careful eva-
luation of any clinical trial based on our proposition is recommended to
determine the therapeutic potential. Until such drugs are available we
should continue to promote best hygiene practices and social distancing
measures, to seek early and accurate diagnosis and to explore me-
chanisms for disease management and prevention that take into con-
sideration as much as possible the economic burden of this pandemic
[96,97]. This is particularly crucial during the ongoing perilous period
of undetermined length while an efficacious prophylactic vaccine
against SARS-CoV-2 remains in development.

Fig. 2. Proposed therapeutic model. Administration of sgp130Fc suppresses IL-6 trans-signaling by trapping available IL-6/sIL-6R complexes (upper section). TPD
inhibits ADAM17 activation and stops shedding of ACE2 and IL-6 receptors. As a consequence, the concentration of sIL-6R becomes lower than that of IL-6,
whereupon IL-6 switches from trans- to classical-signaling. By this means, regulation of cytokine storm may be achieved, while antiviral therapy will restrict viral
host cell entry.
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