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ED I TOR I A L

ACE2 trials suggest remodeling, not dilation, as primary
therapeutic effect

Angiotensin‐converting enzyme 2 (ACE2) has looked
like a promising intervention for pulmonary arterial hy-
pertension (PAH) for more than 10 years.1 Its activity is
reduced in human PAH,2 and in preclinical studies, it
was capable of preventing or reversing pulmonary hy-
pertension in monocrotaline,3 hypoxic,4 and BMPR2
mutant5 rodent models.

ACE2 is an enzyme that cleaves the last amino acid
from angiotensin II (AngII) to make Ang(1–7). It thus
both decreases signaling through the AngII receptors, as
well as, at least theoretically, increasing signaling
through the Mas receptor, for which Ang(1–7) is the
presumed ligand (although there is some conflicting in-
formation on this). Both of these functions are potentially
beneficial in the context of PAH, with the potential for
direct regulation of tone through angiotensin receptor
blockers (ARBs),6 and regulation of remodeling through
Ang(1–7).

Although ARBs did not appear effective in direct
trials,7,8 a recent retrospective study of a large cohort
(24,221 patients) of pulmonary hypertension patients
(of all etiologies) with and without ace inhibitors or
ARBs found that those on these therapies were protected
against mortality, with a hazard ratio of about 0.8.9

This discrepancy is probably a result of the effect being
somewhat subtle. In contrast to ARBs, the effect of
Ang(1–7), the enzymatic product of ACE2, is presumed
to work by signaling through binding and activating
signaling through the Mas1 receptor. This regulates Rac1
activation, with effects on angiogenesis and vascular
permeability.10

This mass of preclinical data has led to small trials in
human PAH patients; a trial of five patients at Vander-
bilt,2 and now reported in this issue, Simon et al. conduct
a somewhat larger dose‐escalation trial. Although
the primary outcome was disappointing—no acute
vasodilation—the report includes a wealth of detail on
each patient and cohort, in the supplemental tables,
which help us understand the current status of ACE2 as a
therapy, particularly when compared to the earlier trial.

Both trials found ACE2 were safe and had the ex-
pected effects on AngII and Ang(1–7), but while the
earlier trial found a modest signal for an acute reduction
in pulmonary vascular resistance (PVR), the current trial
did not. Both trials were single dose, with 4 h of hemo-
dynamic data following that dose. The earlier trial used
0.2 and 0.4 mg/kg; the new trial used 0.1, 0.2, 0.4, and
0.8mg/kg. All five patients in the earlier trial were
idiopathic or heritable; the patients in the newer trial
were these plus collagen‐vascular disease‐associated,
particularly in the highest dose cohort (5/8). The most
striking difference in the patient cohort between the two
trials, though, was concomitant medications. Three of
five patients in the earlier trial—the patients with the
strongest reduction in PVR—were also on parenteral
prostacyclin. None of the patients in the two highest
treatment groups in the new study, and only 3 of 23 in
the whole study used epoprostenol.

Combining these data with the results of earlier
trials, in which ARBs were at best moderately effective,
leads one to wonder whether the acute vasodilatory
effects of ACE2 seen in the first trial were not because of
the effect of ACE2 on the angiotensin receptors, the
putative mechanism for acute dilation, but rather
because of the effect of ACE2 on the Mas1 receptor,
which might have repaired Rac1 pathway activity suf-
ficiently to enable the concomitant epoprostenol's
strong vasodilatory effect.

The earlier trial also included a number of endpoints
related to Mas1 signaling, including a demonstrated
reduction in reactive lipids, an increase in superoxide
dismutase 2, and a reduction in several cytokines.
Unfortunately, the newer trial did not test targets beyond
BNP and NO (no change), and so the potential effect on
Mas1 targets was not tested.

In sum, the trials in patients tell us three important
things:

(1) Recombinant ACE2, at doses that strongly modulate
angiotensin and Ang(1–7), is safe.
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(2) ACE2 probably does not have an acute vasodilatory
effect, at least independent of epoprostenol.

(3) ACE2—does—appear to impact the Mas1 pathway,
which in the animal models, drove efficacy.
Unfortunately, to be therapeutically effective, that
requires long‐term treatment.

The big problem with ACE2, then, is the problem of
manufacture; right now, enzymatically active ACE2 can
only be made in adherent mammalian cells, which
makes it incredibly difficult and expensive to make. In
addition, ACE2 delivery currently requires an IV infu-
sion of a short‐lived drug. The promise of ACE2 as a
therapy for PAH will require either an improved
method of manufacture, or an alternate means of acti-
vating the Mas receptor, and preferably an improved
delivery mechanism.

ACE2 remains a promising therapeutic for pulmon-
ary hypertension, but results, as presented both in earlier
literature and in the trial in this issue, suggest that its
strength will not be acute dilation, but rather impact on
remodeling.

James West

Vanderbilt University, Nashville, Tennessee, USA

REFERENCES
1. Morrell NW, Morris KG, Stenmark KR. Role of angiotensin‐

converting enzyme and angiotensin II in development of hy-
poxic pulmonary hypertension. Am J Physiol. 1995;269:
H1186–94.

2. Hemnes AR, Rathinasabapathy A, Austin EA, Brittain EL,
Carrier EJ, Chen X, Fessel JP, Fike CD, Fong P, Fortune N,
Gerszten RE, Johnson JA, Kaplowitz M, Newman JH, Piana R,
Pugh ME, Rice TW, Robbins IM, Wheeler L, Yu C, Loyd JE,
West J. A potential therapeutic role for angiotensin‐converting

enzyme 2 in human pulmonary arterial hypertension. Eur
Respir J. 2018;51:1702638.

3. Ferreira AJ, Shenoy V, Yamazato Y, Sriramula S, Francis J,
Yuan L, Castellano RK, Ostrov DA, Oh SP, Katovich MJ,
Raizada MK. Evidence for angiotensin‐converting enzyme
2 as a therapeutic target for the prevention of pulmonary
hypertension. Am J Respir Crit Care Med. 2009;179:
1048–54.

4. Shen H, Zhang J, Wang C, Jain PP, Xiong M, Shi X, Lei Y,
Chen S, Yin Q, Thistlethwaite PA, Wang J, Gong K, Yuan Z‐Y,
Yuan JX‐J, Shyy JY‐J. MDM2‐mediated ubiquitination of
angiotensin‐converting enzyme 2 contributes to the develop-
ment of pulmonary arterial hypertension. Circulation. 2020;
142:1190–204.

5. Johnson JA, Hemnes AR, Perrien DS, Schuster M,
Robinson LJ, Gladson S, Loibner H, Bai S, Blackwell TR,
Tada Y, Harral JW, Talati M, Lane KB, Fagan KA, West J.
Cytoskeletal defects in Bmpr2‐associated pulmonary arterial
hypertension. Am J Physiol Lung Cell Mol Physiol. 2012;302:
L474–84.

6. Kleinsasser A, Pircher I, Treml B, Schwienbacher M,
Schuster M, Janzek E, Loibner H, Penninger JM, Loeckinger A.
Recombinant angiotensin‐converting enzyme 2 suppresses
pulmonary vasoconstriction in acute hypoxia. Wilderness
Environ Med. 2012;23:24–30.

7. Alpert MA, Pressly TA, Mukerji V, Lambert CR, Mukerji B.
Short‐ and long‐term hemodynamic effects of captopril in
patients with pulmonary hypertension and selected con-
nective tissue disease. Chest. 1992;102:1407–12.

8. Ikram H, Maslowski AH, Nicholls MG, Espiner EA, Hull FT.
Haemodynamic and hormonal effects of captopril in primary
pulmonary hypertension. Br Heart J. 1982;48:541–5.

9. Lahm T, Hess E, Baron AE, Maddox TM, Plomondon ME,
Choudhary G, Maron BA, Zamanian RT, Leary PJ. Renin‐
angiotensin‐aldosterone system inhibitor use and mortality in
pulmonary hypertension: insights from the veterans affairs
clinical assessment reporting and tracking database. Chest.
2021;159:1586–97.

10. Zohn IE, Symons M, Chrzanowska‐Wodnicka M, Westwick JK,
Der CJ. Mas oncogene signaling and transformation require the
small GTP‐binding protein Rac. Mol Cell Biol. 1998;18:1225–35.

2 of 2 | EDITORIAL




