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The letter written by Batlle et al. (2022) re-
ports that SARS-CoV-2 infection could be
inhibited by treatment with rACE2 using or-
ganoid models at super-physiological con-
centrations (20-200 pg/mL). Meanwhile, no
notable changes (either enhancement or
inhibition) could be observed upon treat-
ment with rACE2 at physiological concen-
trations (0.1-100 ng/mL) using the HK-2
cell model that we previously reported
(Yeung et al., 2021)

We are sorry to see that Batlle et al.
(2022) were not able to draw the same
conclusion from their data (Figure S1A in
Batlle et al., 2022) as we did in our previ-
ous study, despite using the experimental
conditions that we provided via the edi-
tors of Cell (Methods S1). Below are key
differences in the experimental conditions
between the two studies, which may have
contributed to the discrepancies.

Use of different forms of ACE2. Batlle
et al. (2022) used an engineered dimeric
form of ACE2 (APNO1) instead of the
native sACE2 that we used in our previ-
ous study (Yeung et al., 2021). According
to the patent US8586319 (co-owned by
some of the authors in the letter), the
dimeric rACE2 form undergoes rigorous
processing for optimization of expres-
sion construct (enabling the glycosyla-
tion of all possible N-glycosylation sites
of ACE2), expression host (yielding at
least 10 pg/cell/day of rACE2), and cul-
ture medium (extra addition of Zn?* ions
to produce the Zn-incorporated ACE2 di-

mers). It was claimed that the resulting
rACE2 dimer (APNO1) exhibits improved
solubility, bioavailability, and enzymatic
activity compared to the monomeric
form. Although the APNO1 may represent
an improved form of rACE2 for therapeu-
tic use, it is not suitable for testing the
biological activity of native sACE2.
Despite the different rACE2 forms, we
noted that super-physiological concen-
trations of rACE2 (20-200 pg/mL) were
required to inhibit SARS-CoV-2 infection
in lung- and kidney-derived organoids
(Figures S1C-S1E in Batlle et al., 2022).
Administration of such high levels of
rACE2 in patients would be practically
difficult. This is supported by findings re-
ported by APEIRON Biologics on phar-
macodynamics of rACE2 in rhesus
macaques, piglets, and BALB/c mice
after intravenous rACE2 administration.
Although the authors used the APNO1,
with higher in vivo stability than its natu-
rally occurring form (Figure 20 in patent
US8586319), only ~2 pg/mL of rACE2
could be detected in serum samples
taken from rhesus macaques and piglets
shortly after the administration of a high
dose of rACE2 (i.e., milligram level of
rACE2, depending on the animal species)
(Figure 7 in patent US8586319). The
initial serum concentrations of rACE2 in
these animals were already about 10-
100 times lower than the reported doses
required for SARS-CoV-2 inhibition in or-
ganoids (Figures S1B, S1C, and S1F in
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Batlle et al., 2022). Moreover, given the
half-life of rACE2, it would be difficult
to maintain high concentrations for
extended periods. Furthermore, we pre-
viously showed that low doses of rACE2
could increase SARS-CoV-2 infectivity
(Figures 6A, 6B, and S3 in Yeung et al.,
2021). Therefore, since rACE2 degrades
over time, it may be reduced to a level
that facilitates, rather than inhibits, cell
entry of SARS-CoV-2.

Data processing. We noted much
higher variations in data points collected
using HK-2 cells than those collected us-
ing organoids, even though handling or-
ganoid cultures is technically more
demanding than handling HK-2 cell cul-
tures (Figure S1A in Batlle et al., 2022).
For example, in the 1 ng/mL treatment
group, the highest data point is >60-fold
higher than the lowest data point. This rai-
ses a concern about the reproducibility of
the experiment and, therefore, its conclu-
sion. Further optimization of the experi-
mental conditions, the use of native
sACE2, and the repetition of the experi-
ment multiple times may improve the
experimental outcomes. Additionally,
Batlle et al. presented their data in “Fold
change to mock infected cells,” which
does not allow evaluation of infectivity.
As no notable change could be observed
in any treatment group, data presentation
showing the MOI/TCIDsq should be more
useful for evaluating the efficiency of
infectivity.
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During organoid establishment, compo-
nents/supplements containing undefined
factors may influence the outcomes of
infection studies. For example, we noted
that the authors used mTeSR culture me-
dium to establish the lung organoids. Ac-
cording to product information, the mTeSR
medium contains FGF2, which could affect
coronavirus infection (Yeung et al., 2016).
Other cellular factors, such as TNF-a,
which induces ACE2 shedding, thus facili-
tating viral entry (Haga et al., 2008;
Lambert et al., 2005), are commonly used
for organoid differentiation. Inclusion of
these factors during organoid maturation
could potentially alter the basal level of
sACE2. Additionally, the basal level of
sACE2 may be sufficient in organoids,
masking the effect of SACE2 on SARS-
CoV-2 infectivity. This may also explain
the differences in the data obtained by
Batlle et al. using organoid versus that ob-
tained using cell models (Figure S1 in
Batlle et al., 2022). Therefore, in organoids,
the basal level of sACE2 should be
measured when evaluating the true effect
of SACE2 on SARS-CoV-2 infectivity.

The intention of developing organoid
models is to provide an alternate platform
for studying cellular responses, including
infection and drug treatment, that are
closer to physiological conditions. None-
theless, the findings by Batlle et al. sug-
gested that inhibition of infection could
only be observed upon treatments starting
at super-physiological concentrations of
rACE2 (20-200 pg/mL) (Figures S1B,
S1C, and S1F in Batlle et al., 2022). Such
concentrations, however, have been
shown to be practically unachievable in

both in vivo and clinical trial studies
(mentioned above). An additional chal-
lenge in applying organoid models to study
infection is the associated cellular hetero-
geneity, since only limited cell types within
an organ are susceptible to SARS-CoV-2
infection. These susceptible cell types
often represent a minor population within
an organ. Therefore, inclusion of non-sus-
ceptible cell types may pose additional
challenges for studying the effect of
sACE2 on SARS-CoV-2 infectivity. In
contrast, a homogeneous cell culture,
such as HK-2 cells, allows full control of
the infection environment. This cell line
represents an alternative model for
SARS-CoV-2 research, facilitating the
study of physiologically relevant levels of
rACE2 and their effects on SARS-CoV-2
infections.
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