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EDITORIAL COMMENT

Smells Like Therapy

Targeting Sulfur Signaling in Cardiometabolic HFpEF

Rongling Wang, PuD,*"° Gabriele G. Schiattarella, MD, PuD®¢def

eart failure with preserved ejection frac-

tion (HFpEF) has emerged as one of the

most therapeutically challenging condi-
tions in cardiovascular medicine. Accounting for
over one-half of heart failure cases worldwide,
HFpEF is not only highly prevalent, but also patho-
physiologically elusive, with heterogeneity in both
its clinical presentation and underlying mechanisms.
Among its phenotypes, the cardiometabolic sub-
type—defined by obesity, hypertension, insulin resis-
tance, and often hepatic dysfunction—has become
the most common and the least tractable."” Despite
recent progress in trial design and pharmacologic
development, no single therapy has substantially
reduced mortality in this population.®

HYDROGEN SULFIDE AS A MULTISYSTEM
MODULATOR IN THE TREATMENT OF HFpEF

Against this backdrop, the work of Doiron et al,*
presented in this issue of JACC: Basic to Translational
Science, represents a stride forward. The authors
provide an elegant and comprehensive investigation
into the role of hydrogen sulfide (H,S), an
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endogenously produced gaseous signaling molecule,
in the pathogenesis and treatment of cardiometabolic
HFpEF. Through a combination of clinical data and 2
robust preclinical models—the “2-hit” high-fat diet
and L-NAME mouse model,> and the ZSF1 obese rat—
they convincingly show that H,S bioavailability is
markedly reduced in HFpEF. Mechanistically, this
deficiency is driven by a decrease in cystathionine y-
lyase (CSE) expression and activity, along with an
increase in sulfide quinone oxidoreductase, the
principal enzyme responsible for H,S degradation.
These systemic alterations are not confined to the
heart, but extend to the liver and kidneys, high-
lighting the multisystem nature of the disorder. This
reduction in circulating H,S, which reached nearly
80% in human patients and up to 90% in ZSF1 rats,
positions H,S deficiency not as a secondary byprod-
uct but as a central metabolic hallmark of the disease.
Moving forward,
restoration of H,S levels through pharmacological
donors leads to improvements in diastolic function,

the authors demonstrate that

vascular reactivity, cardiac fibrosis, and exercise ca-
pacity. Genetic models further support the vascular
relevance of this pathway, with endothelial-specific
CSE deletion worsening, and overexpression
improving, the HFpEF phenotype. Notably, endo-
thelial CSE knockout mice also exhibited increased
mortality, underscoring the fundamental role of this
enzyme in cardiovascular homeostasis. Building
upon these observations, the study takes an addi-
tional step by investigating the therapeutic synergy
between H,S and Survodutide, a dual GLP-1/glucagon
receptor agonist currently under clinical evaluation
for obesity and metabolic liver disease. The combi-
nation therapy yields additive benefits, attenuating
hepatic steatosis, improving metabolic indexes,
reducing fibrosis, and enhancing physical perfor-
mance. These results not only validate H,S as a
therapeutic axis in HFpEF, but also suggest that its
integration with incretin-based therapies may unlock
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broader systemic benefits in patients with car-
diometabolic disease.

WHAT COMES NEXT?

As with all impactful studies, this work opens several
avenues for further exploration. A key question is
whether the benefits of H,S therapy extend to later
stages of HFpEF, given that treatment here was
initiated early in disease progression when endoge-
nous H,S levels were not yet fully depleted. Deter-
mining the efficacy of H,S supplementation in more
advanced stages could inform its translational po-
tential. Another area that warrants deeper investi-
gation is the role of hepatic H,S signaling. Although
the authors focused on endothelial CSE, this enzyme
is also prominently expressed in the liver—a central
organ in systemic metabolism and increasingly
recognized as a contributor to HFpEF through inter-
organ crosstalk.®” The observed down-regulation of
hepatic CSE and up-regulation of sulfide quinone
oxidoreductase in the current models suggest a
potentially important hepatic contribution, which
could be more directly tested using liver-specific
genetic approaches. Additionally, while CSE is a
major H,S-producing enzyme, the role of 3-
mercaptopyruvate  sulfurtransferase—the  most
abundantly expressed H,S-generating enzyme in
the murine heart—remains unclear.® Whether 3-
mercaptopyruvate sulfurtransferase can compen-
sate for CSE deficiency or plays a distinct role in
HFpEF pathophysiology remains to be elucidated.
The study’s inclusion of single-nucleus RNA
sequencing revealed dynamic changes in the
expression of multiple sulfur-metabolism enzymes
in cardiomyocytes during HFpEF progression, a
valuable foundation for future cell-type-specific
analyses. In addition, the observation that combi-
nation therapy improves multiple metabolic and
inflammatory parameters—including reductions in
oxidative stress markers such as 3-nitrotyrosine and
8-isoprostane—emphasizes the potential of H,S to
restore redox balance and mitigate systemic
inflammation, both of which are recognized con-
tributors to HFpEF. The impact on exercise capac-
ity, often considered a clinically meaningful
endpoint in HFpEF, also supports the translational
relevance of the findings. Moreover, the use of
Survodutide—an emerging agent with dual GLP-1/
glucagon receptor activity that has recently shown
promise in improving both glycemic control and
hepatic steatosis in clinical trials—positions this
study within the context of ongoing developments
in metabolic therapeutics.

Taken together, this study contributes meaning-
fully to the evolving view of HFpEF as a systemic
syndrome rooted in inflammatory, metabolic, and
vascular dysfunction.® It aligns with recent clinical
findings from trials such as STEP-HFpEF (Research
Study to Investigate How Well Semaglutide Works in
People Living With Heart Failure and Obesity) and
SUMMIT (A Study of Tirzepatide (LY3298176) in
Participants With Heart Failure With Preserved
Ejection Fraction (HFpEF) and Obesity), suggesting
that metabolic cotargeting—including incretin-based
agents—may be particularly effective in the obese
phenotype of HFpEF. What distinguishes the current
work is its clear mechanistic framing and the pre-
clinical demonstration of a synergistic, interorgan
therapeutic strategy that modulates redox and
metabolic tone across heart, liver, and vasculature.
As the field moves toward a more holistic model of
HFpEF, therapies that act beyond the myocardium—
like H,S donors—deserve close attention.

CONCLUSIONS

The study by Doiron et al* lays important ground-
work for a new class of translational strategies in
HFpEF. By demonstrating that H,S deficiency is both
a hallmark and a modifiable driver of cardiometabolic
HFpEF, and by revealing synergy with GLP-1/
glucagon agonism, the authors present a compelling
case for further investigation of H,S-based combina-
tion therapies. The path to clinical application will
require careful attention to timing, dosing, target
tissue specificity, sex differences, and long-term
safety, but the conceptual leap this study offers is
significant. HFpEF is a disease of many systems, and
effective treatments may need to be equally
multidimensional.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Wang was supported by HI-TAC (Helmholtz Institute for
Translational AngioCardiScience) Early Career Investigator Grant
7.11442HIEC2401. Dr Schiattarella was supported by DZHK (German
Centre for Cardiovascular Research-81X3100210; 81X2100282), the
Deutsche Forschungsgemeinschaft (German Research Foundation-
SFB-1470-A02; SFB-1470-Z01), and the European Research Council-
ERC StG 101078307.

ADDRESS FOR CORRESPONDENCE: Dr Gabriele G.
Schiattarella, Max Rubner Center for Cardiovascular
Metabolic Renal Research (MRC), Deutsches Herz-
zentrum der Charité (DHZC), Charité-Uni-
versitdtsmedizin Berlin, Hessische Strafle 3-4, 10115,
Berlin, Germany. E-mail:
dhzc-charite.de.

gabriele.schiattarella@


mailto:gabriele.schiattarella@dhzc-charite.de
mailto:gabriele.schiattarella@dhzc-charite.de

ARTICLE IN PRESS

JACC: BASIC TO TRANSLATIONAL SCIENCE voL. l, NO. W, 2025

W 2025:101316

Wang and Schiattarella
Targeting Sulfur Signaling in Cardiometabolic HFpEF

REFERENCES

1. Capone F, Sotomayor-Flores C, Bode D, et al.
Cardiac metabolism in HFpEF: from fuel to
signalling. Cardiovasc Res. 2022;118(18):3556-
3575.

2. Schiattarella GG, Hill JA. Cardiometabolic
HFpEF: mechanisms and therapies. Cardiometab
Syndr J. 2021;1(2):117-124.

3. Wang R, Schiattarella GG. Tackling metabolic
defects in HFpEF. UK: Oxford University Press;
2024.

4. Doiron JE, Elbatreek MH, Xia H, et al.
Hydrogen sulfide deficiency and therapeutic tar-
geting in cardiometabolic HFpEF: evidence for

synergistic benefit with GLP-1/glucagon agonism.
JACC Basic Transl Sci. 2025:XX:XXX-XXX.

5. Schiattarella GG, Altamirano F, Tong D,
French KM, Villalobos E, Kim SY, Luo X, Jiang N,
May HI, Wang ZV, et al. Nitrosative stress drives
heart failure with preserved ejection fraction.
Nature. 2019;568(7752):351-356.

6. Cao Y, Wang Y, Zhou Z, et al. Liver-heart cross-
talk mediated by coagulation factor Xl protects
against heart failure. Science. 2022;377(6613):
1399-1406.

7. Strocchi S, Liu L, Wang R, et al. Systems biology
approach uncovers candidates for liver-heart

interorgan  crosstalk in
2024;135(8):873-876.

HFpEF. Circ Res.

8. Rao SP, Dobariya P, Bellamkonda H, More SS.
role of 3-mercaptopyruvate sulfurtransferase (3-
MST) in physiology and disease. Antioxidants.
2023;12(3):603.

KEY WORDS cardiometabolic diseases,
glucagon-like peptide-1 (GLP-1), HFpEF,
hydrogen sulfide (H,S), metabolism, nitrosative
stress, omics


http://refhub.elsevier.com/S2452-302X(25)00265-7/sref1
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref1
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref1
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref1
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref2
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref2
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref2
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref3
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref3
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref3
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref4
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref4
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref4
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref4
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref4
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref5
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref5
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref5
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref5
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref5
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref6
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref6
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref6
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref6
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref7
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref7
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref7
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref7
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref8
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref8
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref8
http://refhub.elsevier.com/S2452-302X(25)00265-7/sref8

	Smells Like Therapy
	Hydrogen Sulfide as a Multisystem Modulator in the Treatment of HFpEF
	What Comes Next?
	Conclusions
	Funding Support and Author Disclosures
	References


