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The novel strain of coronavirus that appeared in 2019, SARS-CoV-2, is the causative agent
of severe respiratory disease, COVID-19, and the ongoing pandemic. As for SARS-CoV that
caused the SARS 2003 epidemic, the receptor on host cells that promotes uptake, through
attachment of the spike (S) protein of the virus, is angiotensin-converting enzyme 2 (ACE2).
In a recent article published by Batlle et al. (Clin. Sci. (Lond.) (2020) 134, 543–545) it was
suggested that soluble recombinant ACE2 could be used as a novel biological therapeutic
to intercept the virus, limiting the progression of infection and reducing lung injury. Another
way, discussed here, to capture SARS-CoV-2, as an adjunct or alternative, would be to use
ACE2+ -small extracellular vesicles (sEVs). A competitive inhibition therapy could therefore
be developed, using sEVs from engineered mesenchymal stromal/stem cells (MSCs), overexpressing ACE2.
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It was recently proposed that an excess of soluble angiotensin-converting enzyme 2 (ACE2) would neutralise SARS-CoV-2 by binding the spike (S) protein and blocking virus–host cell membrane fusion [1].
The current paper proposes an improvement to the concept of competitively inhibiting SARS-CoV-2 binding to ACE2+ type II alveolar cells, by using small extracellular vesicles (sEVs) engineered to bind virus.
As for soluble ACE2, such a sEV-mediated therapy would also prevent ACE2 down-regulation on alveolar type II cells and thus rescue their activity [2]. ACE2-mediated regulation of the renin-angiotensin
pathway would thus be maintained, which could otherwise cause severe lung injury [3]. By protecting
alveolar type II cells, SARS-CoV-2-binding sEVs would also ensure continued production of alveolar surfactant needed to maintain elasticity and as these cells have a progenitor function of alveolar type I cells
[4], thereby maintain their repair and ensure effective gas exchange.
sEVs have much potential in disease therapy ranging from their use as drug delivery vehicles, whether
carrying chemotherapeutic agents [5] or siRNA [6], to mesenchymal/stromal stem cell (MSC)-derived
sEVs in ameliorating acute organ injury [7]. To achieve targeting, when used as delivery vehicles, sEVs
have been engineered to express ligands that interact with receptors found on target cells [8]. However,
MSC-EVs naturally target injured tissue, and early preclinical success is now being translated into the
clinical setting [9]. By sharing surface receptor proteins with their parental cell, sEVs may act as decoys, for
example antagonising inflammatory cytokines such as TNF-α [10]. This can extend to the decoy functions
host cell EVs show for intracellular pathogens [11] and more specifically as with CD4+ T-cell-derived
sEVs, to their ability to bind HIV [12,13].
In work carried out almost a decade ago, an increased level of leucocyte-EVs was observed at the onset
of Acute Respiratory Distress Syndrome (ARDS). Deemed to be of prognostic value, it was also presumed
to have a protective role [14]. More recently, the isolation of EVs from hyperoxia-induced cultured, primary alveolar type II cells has been described [15]. Whether in ARDS patients being given mechanical
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Binding of SARS-CoV-2 S protein through ACE2 expressed on MSC-derived sEVs to competitively inhibit binding to ACE2 on
alveolar type II cells and thereby limit infection. This could be tested using a human ACE2 transgenic mouse model and as a
preliminary proof of concept study using sEVs from the tumour cell line, A549, a known model of alveolar type II cells [26] and thus
a ready source of ACE2+ sEVs.

ventilation and oxygen, such EVs expressing ACE2, might play a decoy function for SARS-CoV-2, is open to conjecture.
There remains however, the prospect of enhancing any such decoy effect with sEVs, for example derived from
MSC cells, and engineered to overexpress ACE2, that could competitively inhibit the binding of SARS-CoV-2 to
ACE2-expressing alveolar type II cells (Figure 1). In the lungs of severe COVID-19 patients where ARDS promotes
a hyperinflammatory condition [16], using engineered MSC-sEVs would have additional benefits [17]. Just as apoptotic cell clearance occurs in chronically inflamed lungs [18], ACE2+ MSC-sEVs (and associated virus) with similar
‘eat-me’ signals will also be phagocytosed [19,20]. Furthermore, they will promote increased phagocytic activity of
neutrophils/monocytes, resulting in decreased lung injury [21], promote anti-inflammatory effects [17], and convert
immune cells into a more immunosuppressive phenotype. [17]. MSC-EVs have also been shown to promote recovery
of patients with ARDS [22] and administration of ACE2+ MSC-sEVs, beside their decoy function for SARS-CoV-2,
would likely translate into useful therapies for ARDS [23] and so COVID-19 ARDS [24]. By way of further example, the immunomodulatory capacity of MSCs, intravenously transplanted into seven patients with COVID-19, was
recently assessed. The MSCs which were ACE2− , and so non-infectible by SARS-CoV-2, promoted recovery from
advanced COVID-19 pneumonia. They regulated the inflammatory response, reducing pro-inflammatory TNF-α,
increased anti-inflammatory IL-10 and promoted tissue repair [25], thus further supporting the additional benefits,
besides blocking infection of ACE2-expressing cells, of using MSC-derived sEVs to treat COVID-19.
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Figure 1. Schematic for ACE2-expressing small EVs binding SARS-CoV-2
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A human recombinant soluble ACE2 (hrsACE2; APN01) has been shown to be safe in ARDS patients [27,28]
resulting in reduced levels of the peptide angiotensin II and concentrations of IL-6 and on that basis is currently
being trialled in COVID-19 patients [8]. In the meantime, hrsACE2 has shown efficacy in reducing early entry of
SARS-CoV-2 in Vero-E6 cells and blood vessel and kidney organoids, although lung organoids were not yet tested
[29]. To use ACE2 embedded in the membrane of sEVs, as an adjunct or alternative to soluble ACE2, would likely increase the effectiveness and improve delivery of such inhibition therapy. Besides competitively binding SARS-CoV-2,
multivalent ACE2+ MSC-sEVs would have the advantage of doing so with increased binding avidity, therefore matching the likely high stoichiometry of association between several S proteins per virion and ACE2-expressing target cell
membranes. They would also not be as readily degraded by proteases in the lung as would inhaled therapeutic proteins
[30] and not be as expensive to develop [31].
Intranasal delivery, as we described earlier in a mouse model of hypoxia–ischaemia brain injury [32] and in a
bleomycin-induced lung injury model in mice [33], in this case using ACE2+ MSC-sEVs, in the human ACE2 transgenic mouse model [34] or golden hamster model [35], should now be given a high priority, as a competitive inhibition
therapy against SARS-CoV-2.
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