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EDITORIAL COMMENT
Potential of AT1-R-Biased Agonists in
Pediatric Heart Failure*

J. David Port, PHD
T he pharmacological treatment of heart fail-
ure (HF) in adults, especially those with
chronic HF with reduced ejection fraction

(HFrEF), is well-worn territory (1). The use of
angiotensin-converting enzyme inhibitors or angio-
tensin receptor blockers (ARBs), beta-adrenergic re-
ceptor blockers, aldosterone antagonists, and
diuretic agents are the mainstays of pharmacological
management. However, this is not to say that current
therapeutic modalities are either optimal or that
newer avenues need not be explored. For example,
it is almost certain that pharmacogenetics will result
in increased response rates to several drug classes in
selected population. However, pharmacogenetics
does not obviate the issue of nonresponders.

In contrast to adults, there are generally consid-
ered to be fewer evidence-based treatment options
for HF in pediatric populations. Although pediatric
HF is far less prevalent than adult HF (estimated at
about 1:100,000), therapy for pediatric HF is consid-
ered an unmet need. In a recent review, Del Castillo
et al. (2) summarized the currently available options
for pediatric patients with HF, including several of
those available to adults. These include inotropes
such as dopamine, dobutamine, and epinephrine,
with the standard caveats of increased heart rate and
myocardial oxygen consumption. Also included are
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angiotensin-converting enzyme inhibitors and ARBs.
However, more recently, phosphodiesterase-3 in-
hibitors (PD3-I) such as milrinone have shown prom-
ise. So too have more novel agents, including the If
current inhibitor ivabradine, gaining effectiveness by
virtue of its ability to slow heart rate. Most recently,
on the basis of the success of the PARADIGM-HF
(Prospective Comparison of ARNI With ACEI to
Determine the Impact on Global Mortality and
Morbidity in Heart Failure) trial in adults, in which
the ARB valsartan was used in fixed-dose combina-
tion with the neprilysin inhibitor sacubitril, the
PANORAMA-HF (Study to Evaluate Safety, Tolera-
bility, Pharmacokinetics and Pharmacodynamics of
LCZ696 Followed by a 52-Week Study of LCZ696
Compared With Enalapril in Pediatric Patients With
Heart Failure) study examined this same combination
compared with enalapril in pediatric patients with HF
due to systemic left ventricular (LV) systolic
dysfunction (3). In 2019, the results of the trial led the
U.S. Food and Drug Administration to extend
approval of sacubitril/valsartan for pediatric HF.

One stark difference between adult and pediatric
HF populations is the evidence-based efficacy of beta-
blockers. To date, Shaddy et al. (4) have published the
most definitive study demonstrating that the beta-
blocker carvedilol is not particularly efficacious in
pediatric HF. Although precedent setting, the carve-
dilol trial had limitations, including that it may have
been underpowered and underdosed, and it included
a cohort of patients with a broad spectrum of etiol-
ogies, including the single-ventricle congenital
anomaly, thus complicating its interpretation with
respect to specific subpopulations (5).

Angiotensin AT1 receptors (AT1-Rs) are canonical G
protein–coupled receptors linked to Gq/11 and subse-
quently to PIP2 hydrolysis, resulting in activation of
serine/threonine kinase, protein kinase C, and an in-
crease in intracellular calcium via the IP3 receptor.
https://doi.org/10.1016/j.jacbts.2020.09.008

https://doi.org/10.1016/j.jacbts.2020.09.008
http://basictranslational.onlinejacc.org/content/instructions-authors
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacbts.2020.09.008&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


J A C C : B A S I C T O T R A N S L A T I O N A L S C I E N C E V O L . 5 , N O . 1 1 , 2 0 2 0 Port
N O V E M B E R 2 0 2 0 : 1 0 7 0 – 2 Potential of AT1-R-Biased Agonists in Pediatric Heart Failure

1071
Thus, AT1-R agonists, in addition to being profound
vasoconstrictors, are, in a model system–dependent
manner, positive inotropic agents. However, much
like b-adrenergic receptors (b-AR), AT1-Rs can be
noncanonically (biased) coupled to b-arrestin
signaling (6). In young mice, the AT1-R/b-arrestin-2
complex has been shown to activate L-type calcium
channels via casein kinase 2 (7), producing a positive
inotropic effect.

In this issue of JACC: Basic to Translational Sci-
ence, Kashihara et al. (8) examine the b-arrestin-
biased angiotensin receptor (AT1-R) agonist TRV027
(Trevena, King of Prussia, Pennsylvania) as a po-
tential therapeutic agent in models of pediatric HF.
Herein, the investigators demonstrate that “TRV027
causes a neonatal-specific, long-acting positive
inotropic effect with minimum effect on heart rate,
oxygen consumption, reactive oxygen species pro-
duction, and aldosterone secretion.” Thus, they
posit that TRV027 could be used as an inotropic
vasodilator specific for pediatric HF. It should be
noted that on the basis of the aforementioned
pharmacological properties, a clinical trial with
TRV027 was conducted in adults with acute HF
(BLAST-AHF [Biased Ligand of the Angiotensin Re-
ceptor Study in Acute Heart Failure]). Unfortunately,
neither the primary nor the secondary endpoint was
met, with the result that TRV027 was deemed to be
clinically safe but not effective in adults with acute
HF (9). Kashihara et al. (8) convincingly demonstrate
in neonatal mice that TRV027 significantly increases
left ventricular ejection fraction (LVEF) and that in
the presence of atropine, propranolol alone or in
combination with the a1 adrenergic receptor blocker
prazosin does not decrease this effect. Conversely,
the positive inotropic effect of TRV027 was blocked
by the ARB candesartan. Concordant with a
neonatal-specific effect, the investigators demon-
strate that both angiotensin II (AngII) and TRV027
increase LVEF in neonatal mice, whereas AngII but
not TRV027 decreases LVEF in adult mice (see their
Supplemental Figure 2). Although not explored
directly, it is possible that the AngII-mediated
decrease in LVEF in adult mice is secondary to
increased afterload secondary to increased vaso-
constriction, thereby decreasing left ventricular
emptying. At a mechanistic level, the investigators
demonstrate that in both neonatal mouse ventricular
cardiac myocytes and human induced pluripotent
stem cells differentiated into cardiac myocytes
(hiPSC-CMs), TRV027 dramatically increases DF/F0, a
measurement of calcium influx, without affecting
time to peak tension (TTP). Furthermore, in a
transgenic mouse model of congenital dilated car-
diomyopathy, in which a mutant form of cardiac
troponin C is expressed (cTnTDK210), TRV027 was
shown to increase LVEF.

The findings of Kashihara et al. (8) suggest sub-
stantial promise for a novel new therapy in pediatric
HF, but they should be interpreted with the following
caveats in mind. It is certainly encouraging that an
AT1-R-biased ligand that produces a sustained
inotropic effect without unduly elevating myocardial
oxygen consumption (MVO2) and without several of
the other less salutary effects of Gq-coupled re-
ceptors, in general. In particular, it would be inter-
esting to compare TRV027 with any number of
other agents, including the combination of sacubitril/
valsartan or the PD3-I milrinone, in the cTnTDK210
cardiomyopathy model. Although not a perfect reca-
pitulation of pediatric HF, it could be argued that the
transgenic model may be closer to the clinical con-
dition than either cultured neonatal ventricular car-
diomyocytes or hiPSC-CMs. In the case of the former,
although neonatal mouse ventricular cardiac myo-
cytes are a neonatal model, there are distinct and
manifest differences in cardiac signaling between
rodents and humans. Given that hiPSC-CMs display
an immature, fetal-like cardiomyocyte structural and
electrophysiological phenotype, one could argue that
their demonstrated immature nature (nonterminally
differentiated phenotype) would be an appropriate
experimental model system; however, many other
aspects of induced pluripotent stem cells (iPSCs) may
be limiting in translating the model to pediatric
humans.

In summary, the current paper by Kashihara et al.
(8) demonstrates an innovative approach to finding
potential solutions to an unmet need. Although
TRV027 does not appear to be the agent of choice for
acute HF in adults, the unique gene expression pat-
terns and signaling pathways in pediatric hearts (10)
have the potential to yield surprising results.
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