
L E T T E R T O T H E E D I T O R

Cilastatin: a potential treatment strategy against

COVID-19 that may decrease viral replication and

protect from the cytokine storm
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Acute kidney injury (AKI) is a frequent secondary feature in
coronavirus disease 2019 (COVID-19) patients [1]. AKI may re-
quire renal replacement therapy, complicates management and
is associated with impaired outcomes. The absence of current
drug treatments for COVID-19 and associated AKI renders
patients dependent on supportive intensive care, and therefore
new therapeutic approaches are urgently needed [1].

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) entry into human host cells requires endocytosis mecha-
nisms activated by binding of SARS-CoV-2 spike protein (S) to
angiotensin-converting enzyme 2 (ACE2) on the cell surface [2].
Thus, blockade of this binding step is a potential therapeutic
approach.

ACE2 is located in cholesterol rafts. Cilastatin is a specific com-
petitive blocker of renal dehydropeptidase I (DHP-I) enzyme,
which is anchored to cholesterol rafts of renal tubular cells.
Cilastatin protects both in vitro and in vivo against tubular
cell injury and AKI induced by nephrotoxic drugs such as cyclo-
sporine, vancomycin or cisplatin [3]. The mechanism of this wide-
ranging protection entails blockade of cholesterol raft internaliza-
tion by the cilastatin/DHP-I complex and decreased membrane
turnover. As a result, nephrotoxic compound uptake is decreased.
Furthermore, cilastatin blocks signalling by death receptors pre-
sent in cholesterol rafts, such Fas, whose expression is increased

during kidney injury, including bacterial lipopolysaccharide
(LPS)-induced AKI and lung injury [4]. The cilastatin/DHP-I
complex prevents internalization, trimerization and signalling
through the Fas/Fas ligand complex [3]. Consequently, pro-
grammed cell death is prevented, and thus the amplifying in-
flammatory and oxidative wave of cell damage [3,5]. Kidney
protection by cilastatin is also observed in rodent models of
septic shock [6]. DHP-I is also expressed in lung alveolar epi-
thelial cells. We have now observed for the first time that cil-
astatin blocks efficiently the development of histological lung
injury associated with LPS-induced respiratory distress, de-
creasing inflammatory cell infiltration (Figure 1). Both severe
sepsis and COVID-19 may be complicated by respiratory dis-
tress and AKI, which are associated with higher mortality [7].
In this regard, the cytokine storm elicited by LPS may mimic
the cytokine storm of severe COVID-19.

Cilastatin is a fully developed parenteral drug that is
clinically safe and currently approved for human use as a fixed
combination with imipenem. Generic imipenem/cilastatin is
already available. A dose-escalating Phase I clinical trial to eval-
uate the safety of higher doses of cilastatin than those autho-
rized in the data sheet was completed in 2018 (NCT03595189).
During the study, there were no clinically relevant alterations in
the physical examination, vital signs and electrocardiogram
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recordings; minimal changes observed in haematological and
biochemistry parameters had neither clinical relevance nor
relationship with the study drug; there were no abnormalities

detected in the Holter records performed during the study and
there were no local tolerance warnings during the continuous
administration of the drug.

FIGURE 1: Cilastatin improves bacterial LPS-induced lung injury in vivo. Thirty-six 6-week-old male Wistar rats weighing 150–200 g were administered intraperitoneally

with 10 mg/kg LPS from Escherichia coli O55:B5 (Sigma Aldrich, St Louis, MO, USA) or its vehicle (0.9% NaCl) and 150 mg/kg cilastatin (Acs Dobfar, Tribiano, Milan, Italy)

or its vehicle (0.9% NaCl) also injected intraperitoneally. The dose of cilastatin was administered just before the administration of LPS, and the rats (n¼9 animals per

group) were euthanized within 24 h. Upper row: paraffin-embedded lung sections stained with haematoxylin–eosin (H&E). Control group shows normal lung structure;

LPS-injected lungs show severe alveolar wall oedema, congestion, haemorrhage and increased inflammatory cell numbers. These changes were significantly reduced

by treatment with cilastatin, with the lungs showing almost normal morphology. Lower row: immunolocalization of CD68 (monocyte/macrophage) in lung sections.

Note increased CD68-stained cells in LPS-injected rats compared with the control group (staining score: 17.00 6 3.50 versus 5.20 6 1.16; P¼0.0014). Cilastatin signifi-

cantly reduced the increase of CD68 expression induced by LPS (staining score: 5.50 6 1.63 versus 17.00 6 3.50; P¼0.0012). In both cases, treatment with cilastatin alone

had no effects on lung morphology or inflammation.

FIGURE 2: Cilastatin may decrease SARS-CoV-2 replication and cell damage. (A) This represents SARS-CoV-2 infection of kidney/lung epithelium through ACE2 recep-

tor, thus activating Fas/Fas ligand (FasL) trimerization and triggering reactive oxygen species (ROS), inflammation and apoptosis, leading to exponential cytokine

storm, cell damage and death. (B) This shows cilastatin as a potential treatment that may prevent SARS-CoV-2 internalization and replication and protect from cell

damage by blocking specifically DHP-I enzyme localized in cholesterol lipid rafts of the apical membrane, avoiding Fas/FasL trimerization and diminishing ROS, inflam-

mation, apoptosis and cytokine storm.
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Based on the preclinical evidence of kidney and lung protection
in the context of endotoxemia as presented in this letter, we pro-
pose that cilastatin should be studied in clinical trials as a potential
therapy for COVID-19. The current understanding of the drug
mechanism of action suggests that it may both decrease viral entry
and consequently viral replication, and additionally may protect
from the deleterious consequences of the cytokine storm observed
in severe COVID-19 (Figure 2). Indeed, a clinical trial of the Fas li-
gand trap asunercept is planned (https://www.pharmiweb.com/
press-release/2020-07-28/apogenix-to-start-european-clinical-
phase-ii-trial-with-asunercept-in-covid-19-patients).
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