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We read with great interest the article by Khan et al. [1]
reporting the results of a pilot clinical trial of administrating
recombinant angiotensin-converting enzyme 2 (ACE2) in
patients with acute respiratory distress syndrome (ARDS).
Current research has been focused on the involvement of
the renin–angiotensin system (RAS) in the pathogenesis
and clinical outcomes of ARDS and, in particular, in the
evaluation of the angiotensin-converting enzyme (ACE)/
angiotensin II (Ang II)/Ang II receptor type 1 axis and its
counterpart
ACE2/angiotensin-(1–7)/MAS1
receptor
pathway as potential therapeutic targets. Given the lack of
effective pharmacological ARDS treatments, clinical trials
exploring new therapeutic strategies, like that by Khan et al.
[1], are essential.
The association of ACE activity with ARDS outcomes is
far from linear. Multiple factors, like the heterogeneity of
ARDS and the variability of RAS activation in patient
subgroups, could be implicated in this complex interplay
[1]. Even though increased levels of ACE and Ang II have
been detected in patients with ARDS, the pathophysiological role of RAS in ARDS development remains unclear.
Additional factors such as, for example, the variable
substrates of ACE and ACE2 apart from Ang (namely
bradykinin and apelin), the protective effects against lung
injury which Ang II receptor type 2 exerts, and the effect

of ACE2 via the MAS1 receptor (and not via the Ang II
receptor type 1) could be implicated [2]. There are
encouraging data from animal models on the positive
effects of ACE2 in ARDS, but respective data involving
humans are insufficient [2].
In our study [3], higher ACE levels were not associated
with the oxygenation index, even though they (but not the
D/D genotype, which relates to higher serum ACE levels)
seemed to correlate with ARDS prognosis. Zambelli et al.
[4] showed improved arterial oxygenation (although not
clinically relevant) in an experimental ARDS model after
administration of angiotensin-(1–7), but no difference in
survival or pulmonary mechanics. In Khan et al.’s study
[1], administration of recombinant ACE2 in ARDS
patients decreased Ang II levels without causing
hypotension, but worsened respiratory mechanics. Khanna
et al. [5] demonstrated in ATHOS-3 that Ang II
administration in patients with vasodilatory shock increased
blood pressure, without raising the risk for ARDS.
It is apparent that there are variable and often
conflicting data in the current literature on the complex
association between RAS and ARDS, which warrant the
conduction of additional clinical trials to further
elucidate its pathophysiological background and evaluate
potential new treatments.
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and fluid/electrolyte homeostasis, the “classical” RAS
system, through the action of Ang II and its receptor
angiotensin receptor 1 (AT1R), elicits inflammation,
oxidative stress, cellular apoptosis, and fibroproliferative
responses [6], all important components of ARDS
pathophysiology. ACE2 has been shown to improve both
pathophysiology and outcomes in various animal models of
ARDS by reducing Ang II/AT1R signaling and activating
the regulatory angiotensin-(1–7)/Mas1 pathway, as
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demonstrated by studies that administer ACE2 or
angiotensin-(1–7) peptide alone [7, 8].
In relation to the genetic evidence supporting a role
for the RAS in human ARDS, we agree with Vrigkou
et al. that the data are somewhat contradictory, probably
because heterogeneity within ARDS cohorts hampers
interpretation of genetic association studies. Despite this
limitation, there are data from meta-analyses suggesting
an association of the D-allele of the ACE gene with both
ARDS risk [9] and mortality [3]. Together with work
elucidating ACE2 as the receptor for the severe acute
respiratory syndrome (SARS) coronavirus that caused
uncharacteristically severe lung injury associated with
profound depletion of ACE2 [10], these data suggest an
important role for ACE2 in ARDS pathophysiology.
Our pilot clinical trial was designed to establish
preliminary safety and tolerability, with an emphasis on
monitoring hemodynamic stability, and to define
exposure–response relationships with the RAS system.
As mentioned in our discussion, readers should exercise
caution when interpreting the “effects” of study treatments
on physiology and respiratory mechanics given the small
sample size and the risk of ascertainment bias at later time
points, where only a small number of patients contribute
to point estimates and significant imbalances between
groups are apparent.
Finally, the contrast with the ATHOS-3 trial [5] where
Ang II infusions elicited acute improvements in MAP in
patients with high-output shock is important. Rather
than revealing a novel protective role of Ang II via its
other receptor AT2R, we believe this confirms the
well-established vasopressor effects of Ang II, mediated
via AT1R. To rationalise whether classical RAS signaling
is beneficial or harmful in acutely ill patients, more trials
with Ang II and ACE2 are required to fully understand
their longer-term safety profile, their impact on RAS
and other biological systems, and their impact on organ
failure and outcomes. In the meantime, we speculate
that there may be a place for both therapies in different
patient populations, with short-term repletion of Ang II
in certain vasoplegic shock patients with low Ang II
levels, and repletion of ACE2 in ARDS patients with a
high Ang II/angiotensin-(1–7) ratio.
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