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We thank Eroume-A Egom and Kamgang for their interest
in our article and the opportunity to further discuss our
work,1 particularly in the context of existing literature on
the role of the natriuretic peptide clearance receptor
(NPRC) in pulmonary hypertension and heart failure with
preserved ejection fraction (PH-HFpEF).

Growing evidence suggests that lower circulating levels of
natriuretic peptides (NPs) in PH-HFpEF and decreased
downstream cGMP/PKG signaling are important patho-
genic mechanisms.2–4 Since circulating NPs can be decreased
either by neprilysin-mediated degradation or NPRC-based
clearance, and recently studies have shown a neutral effect of
neprilysin inhibition upon outcomes in PH-HFpEF,5 it is
plausible that increased expression of NPRC may play an
important role in promoting PH-HFpEF as it does in pro-
moting known comorbid conditions such as obesity and
metabolic syndrome.6 In general, progress in identifying
therapies for PH-HFpEF has been hampered by the lack
of pre-clinical models that faithfully recapitulate human
manifestations of PH-HFpEF,7 including models that utilize
Ang2 stimulation.8–11 Unfortunately, human studies inves-
tigating ACE inhibition and ARB therapies have not proven
effective in HFpEF,7,12 calling into question the relevance of
this model to HFpEF pathobiology. Alternatively, there is a
growing acceptance that obesity and metabolic syndrome
may play a pathogenic role in the development of

PH-HFpEF in a subset of patients.13–17 Thus, while no
single model is likely to perfectly recapitulate the heteroge-
neous syndrome of PH-HFpEF,12 we believe that our model
of obesity-induced PH-HFpEF is highly relevant to this
important subpopulation of PH-HFpEF and shares similar
findings of disproportionate RV remodeling.15

We read with interest the potential role that the NPRC
may play in the development of PH and sinoatrial disease.8–11

While the findings are certainly intriguing and further inves-
tigation of NPRC’s role in PH-HFpEF is warranted, we
respectfully disagree with the overall conclusion that NPRC
must be regarded as a protective receptor in the heart.
Rather, there is an alternative explanation for the previously
cited findings. NPRC is well known to play an important role
in modulating blood pressure,18 and the lack of development
of systemic hypertension may have been a confounding
explanation for why a ‘‘protective’’ effect of NPRC was
observed in previous studies.8,9,11 In the studies directly inves-
tigating PH-HFpEF phenotypes in NPRC�/� mice or with
administration of NPRC agonist, ANP-4-23,10,11 the authors
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have nicely demonstrated the potential protective effects of
ANP-4-23. Notably, Fig. 7 of our study shows a similar find-
ing.1 However, their measured right ventricular systolic pres-
sure (RVSP) of 2–5mmHg in one study11 outside the widely
accepted normal RVSP range of 20–30mmHg19–23 perhaps
may be accounted for by placement differences of the cath-
eter, i.e. atrial/diastolic pressure waveform vs. ventricular/sys-
tolic waveform as demonstrated in Fig. 4 of one of the
referenced studies.10 This technical difference would also
account for differences in conclusions of the role of NPRC
in the heart in the previously cited studies.8–11

Finally, Eroume-A Egom and Kamgang suggest that
increased lung expression of NPRC may account for our
findings of RV hypertrophy. We did probe NPRC expres-
sion and, as shown in Fig. 4, we did not find any increase in
lung NPRC expression. We do agree with the comments
from Eroume-A Egom and Kamgang that investigation in
how the pulmonary vasculature may be affected by variants
in NPRC, and the role of NPRC in HFpEF-PH is worthy of
future study. Confirmation of rodent findings in humans
and multiple animal models will enhance understanding of
these early findings as well.

We overall appreciate the growing interest in the role of
NPRC in the development of PH-HFpEF and very much
look forward to ongoing studies to clarify the mechanistic
role of NPRC in cardiovascular disease. NPRC is known
to serve as a ‘‘clearance’’ receptor that binds, internalizes,
and sequesters endogenous natriuretic peptides.18,24 It is
also known to alter non-cGMP-mediated downstream signal-
ing.25 While our study and others1,11 have now shown a
potential protective role for NPRC agonist, ANP-4-23, in
modulating PH-HFpEF phenotypes, mechanistically it is
not clear whether this is due to decreased ‘‘clearance’’ of
endogenous natriuretic peptides by competitive inhibition
or a direct effect of downstream signaling. Future studies,
including both relevant animal models and an understanding
of the mechanistic effect of identified variants in NPRC asso-
ciated with disease in humans,26 are necessary to answer these
questions that have important therapeutic implications.
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