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Arecently published article by Li et al. titled, “Key Metabolic Enzymes in Remdesivir
Activation in Lung Cells,” validates the canonical McGuigan enzymes (CES1,

CTSA, and HINT1) involved in remdesivir (RDV)’s bioactivation using bioinformatic
and biochemical approaches (1). Yet in what appears to be a dismissal of the nar-
rative portrayed by their own data, the authors’ discussion does not account for
cell type-specific differences in the lung and tissue-wide levels. Despite the omis-
sion in their discussion, the authors’ data clearly support that key McGuigan-bio-
activating enzymes are expressed at exceptionally high levels in the liver (Li et al.,
in their Fig. 5B) (1). Nevertheless, we commend the authors for supporting the
assertion we made over a year ago (2) on the uniquely high liver expression of
CES1/CTSA/HINT1 as a culprit behind the dose-limiting hepatotoxicity of remdesi-
vir (RDV) observed in healthy volunteers (3, 4). Paradoxically, while the authors
use single-cell RNA sequencing (scRNAseq) data to evaluate the expression of
McGuigan prodrug-activating enzymes in the lung, their discussion of these data
ignores the cell type-specific nuance apparent in their figures and instead views
their lung as a single homogenous entity. The authors’ oversight of these cell
type-specific differences prompts the inaccurate conclusion that CES1, CTSA, and
HINT1 are “highly expressed in the human lung” and that such enzymes are
“highly expressed in cell types that are involved in SARS-CoV-2 infection and repli-
cation.” It is well-established that type II alveolar (AT2) cells are the primary site of
SARS-CoV-2 infection (5, 6). Close inspection of the same scRNAseq data from the
Human Protein Atlas (HPA) shows that the high expression of CES1/CTSA/HINT1
to which the authors refer is largely restricted to alveolar macrophages (Fig. 1A),
which are not the main cell types involved in “SARS-CoV-2 infection and replica-
tion”; these scRNAseq data are further corroborated by immunohistochemistry
staining of primary lung tissue, which shows intense staining for the relevant
enzymes in macrophages but not AT2 cells (Fig. 1B, red arrows). According to HPA
data, the modest expression of McGuigan prodrug enzymes in AT2 cells is vastly
overshadowed by that measured in hepatocytes (Fig. 1). Viewed in the context of
RDV’s low 50% cytotoxic concentration (CC50) value in primary human hepato-
cytes (7) and the inability to up-dose RDV to achieve more obvious reductions in
SARS-CoV-2 viral titers in the clinic due to liver-related dose-limiting toxicities
become self-evident (3, 8). The authors’ oversight of the AT2 versus macrophage
difference and omission of the tissue-wide relevance of their findings in their dis-
cussion is thus misleading and offers an incomplete portrayal of the broader in
vivo significance of their data.
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FIG 1 Single-cell RNA sequencing and immunohistological data unambiguously show high expression of
remdesivir-bioactivating enzymes in the liver. (A) Heatmap of HPA scRNAseq expression data for RDV (CES1/
CTSA/HINT1)- and GS-441524 (ADK)-bioactivating enzymes in the lung placed in context of the liver. Individual
values per cell type are expressed in protein-coding transcripts per million. (B) Immunohistochemistry staining
of normal primary human lung tissue obtained from HPA. High lung expression of CES1 and CTSA is unique to
alveolar macrophages (red arrows) rather than AT2 cells. In contrast, ADK expression is largely present in AT2
cells (blue arrows). Note: HINT1 expression data are not shown due to lack of staining in primary lung tissue.
Antibodies include CES1, HPAO12023; CTSA, CAB024930; and ADK, HPA038409. Patient IDs include CES1, 1678;
CTSA, 2268; and ADK, 2268.
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