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Novel strategies for lipid-independent atherosclerosis intervention
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Based on clinical research demonstrating that ceramide levels can
predict the risk of cardiovascular events independently of choles-
terol, Zhang et al. first identified the endogenous membrane recep-
tors of ceramide C16:0 as CYSLTR2 and P2RY6. CYSLTR2 and P2RY6
are activated by ceramides, which trigger Gq recruitment, down-
stream activation of the inflammasome, and, ultimately, favor the
formation of atherosclerotic plaques. Inhibition of CYSLTR2 and
P2RY6 provides an innovative new way to reduce the atheroscle-
rotic plaque burden without affecting blood lipid levels.

Atherosclerosis is one of the major causes of cardiovascular
disease (CVD). While statins have achieved great success in reduc-
ing low-density lipoprotein cholesterol, the residual risk of inflam-
mation remains a key factor leading to major adverse cardiovas-
cular eventst'l. In recent years, it has been proposed that ceramide
may emerge as an independent CVD risk factor with lipid
independencel?. However, its precise pathogenic mechanism and
its role as an extracellular signaling molecule have long been
unclear. In a recent study in the journal Nature, Zhang et al. revealed
that ceramides exacerbate atherosclerosis by activation of CYSLTR2
and P2RY6. Blocking the CYSLTR2 and P2RY6 receptor signaling
might provide an appealing new therapeutic strategy for treating
atherosclerotic diseases, especially in CKD patients (Fig. 1),

Ceramides belong to the sphingolipids and are formed by the
connection of sphingosine chains and fatty acid chains of different
lengths through amide bonds™. Clinical studies have shown that
the levels of long-chain ceramides in circulating blood, such as
C16:0, C18:0, and C24:1, can predict the risk of cardiovascular events
independently of cholesterol®. However, it remains unclear how
long-chain ceramides in circulation exacerbate the development
of atherosclerotic cardiovascular disease and whether membrane
receptors exist. In the present study, Zhang et al. confirmed that
exogenous C16:0 ceramides exacerbated the formation of atheros-
clerosis, while caspase-1 knockout, IL-15 neutralizing antibodies, or
IL-1 receptor antagonists could weaken this effect. Through a series
of in vitro and in vivo experiments, including G protein signal quan-
tification, bioinformatics analysis, and functional assays, CYSLTR2
and P2RY6 were identified as potential endogenous receptors for
C16:0 ceramide-induced inflammasome activation. When these two
receptors recognize ceramides, they trigger Gq recruitment, which
in turn leads to the activation of inflammasomes, ultimately result-
ing in a significant intensification of the formation of atherosclero-
tic plaques. Inhibition or gene knockdown of CYSLTR2 or P2RY6
blocked C16:0 ceramide-induced IL-18 production and increased
intracellular calcium levels. These findings indicate that genetic
ablation of ceramide receptors or the use of receptor antagonists
can effectively block the pathogenic effects of ceramides without
affecting blood lipid levels.

With the findings that CYSLTR2 and P2RY6 mediated the ability
of ceramides to exacerbate atherosclerosis, the authors found
that deletion of Cysltr2 or P2ry6 significantly alleviated lipid
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accumulation and macrophage infiltration induced by C16:0 cera-
mide in the outflow track of aortas. The reduced plaque density was
observed in Cys/tr2=/- mice and P2ry6~/~ mice, and Cysltr2=/- P2ry6~/~
mice showed a more substantial reduction in a 12-week-long-term
AAV-PCSK9 + HFD-induced atherosclerosis model. Moreover, the
plasma ceramide levels in patients with chronic kidney disease
(CKD) complicated with coronary artery disease (CAD) were elevated
and positively correlated with the severity of CAD. Deletion of
Cysltr2 or P2ry6 alone partially reduced plaque area and lipid accu-
mulation, with no changes in plasma total cholesterol, triglyceride,
or ceramide levels in the 5/6 Nx-induced CKD model. Of note, knock-
out of both Cysltr2 and P2ry6 further mitigated plaque formation.
These findings also confirmed that knocking out CYSITR2 and P2RY6
receptors or using CYSITR2/P2RY6 receptor antagonists could alle-
viate the atherosclerosis process that aggravates kidney disease
without interfering with lipid levels. This discovery results in a para-
digm shift in that ceramides are not merely seen as pathogenic
lipids but rather as extracellular signaling molecules that stimulate
specific intracellular responses along a 'ceramide-GPCR signaling
axis'. Among this pair of receptors, P2RY6 particularly demonstrates
unique advantages and great potential as a promising therapeutic
candidate.

Purine receptor P2RY6 is a G protein-coupled receptor that
mainly responds to uridine diphosphate and drives inflammatory
responses(®. P2RY6 mediates the crucial role of ceramides in the
inflammatory response of macrophages, which is a core link in
atherosclerosis. The present studies have shown that ceramides effi-
ciently trigger downstream Gq and Gi signaling pathways by
directly binding to and activating the P2RY6 receptor on macro-
phages. The activation of this signaling pathway intensifies macro-
phage inflammation, leading to the explosive release of cytokines
such as IL-1f, thereby creating a pro-inflammatory microenviron-
ment within the vascular wall, which directly accelerates the forma-
tion and progression of atherosclerotic plaques. These findings add
to the evidence that P2RY6 connects elevated levels of ceramides in
circulation with local pathological inflammation of the vascular wall.
Inhibiting the activity of P2RY6 can thus precisely suppress the
inflammation within plaques without affecting systemic lipid levels,
thus at least partly uncoupling systemic metabolism from adverse
cardiovascular events.

The strategy to target P2RY6 represents a shift in the therapeu-
tic paradigm, from reducing lipids to specifically interfering with
pathogenic signaling. The traditional approach is to minimize the
total amount of ceramides in the blood as much as possible, but this
strategy is difficult due to the many important physiological pro-
cesses in which ceramides are involved. A systemic and indiscrimi-
nate reduction in their levels may thus cause severe adverse effects.
Targeting P2RY6 could provide a more precise functional selective
intervention strategy. The research team confirmed through gene
knockouts in mice that specific ablation of the P2ry6 gene in
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Fig. 1 Schematic diagram illustrating the ceramide-CYSLTR2/P2RY6 pathway in atherosclerosis and its therapeutic implication. Ceramide-mediated
activation of receptors CYSLTR2 and P2RY6 recruits Gq protein, leading to downstream inflammasome activation and promoting atherosclerotic plaque
formation. Inhibiting CYSLTR2 and P2RY6 represents a novel strategy to reduce atherosclerotic plaque burden independently of blood lipid levels.

macrophages could significantly alleviate atherosclerotic lesions
without affecting total ceramides levels. Other studies also con-
firmed that knockout of macrophage P2ry6 reduced plaque forma-
tion in atherosclerotic micel’l. The therapeutic approach of targeted
intervention for P2RY6 could potentially reduce the risk of off-target
effects and enhance the safety window of treatment.

More importantly, P2RY6 has a relatively high druggability. The
GPCR family is the largest and most successful drug target family in
the human genome. Currently, more than 30% of marketed drugs
act on GPCRI8l. This means that the development of small molecule
inhibitors targeting P2RY6 can build on established platforms and
workflows, as well as rich experience to draw upon. Compared with
CYSLTR2, P2RY6 may have another layer of advantages. The natural
ligand of CYSLTR2 also includes cysteinyl leukotriene, which is a key
mediator in allergic reactions and asthma. Therefore, complete inhi-
bition of CYSLTR2 may require a careful assessment of its potential
impact on other functions of the immune system[°l. Together, these
studies demonstrate that P2RY6 constitutes a promising therapeu-
tic target in atherosclerosis.

However, several questions remain in order to establish P2RY6
as a new target in clinical practice. Firstly, the physiological conse-
quences that may arise from long-term inhibition of P2RY6 in
humans remain to be determined. Clinical trials conducted by
Gliacure Inc. assessed the safety and tolerability of a single oral
administration of GC021109 (NCT02254369) in healthy adults, pro-
viding a safety signal for P2Y6R-targeted therapy in clinical practice.
Secondly, the role of P2RY6 in different cell types in atherosclerosis
remains to be refined, such as vascular endothelial cells and smooth
muscle cells. Furthermore, it remains unclear how to optimize lead
compounds to achieve the best pharmacokinetic properties and
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safetyl’017], In connection with these investigations, it is important
to further elaborate on the spatiotemporal control of CYSLTR2 and
P2RY6 signaling, particularly with regards to intracellular signaling
neighborhoods, which have been shown to be important predictors
of adverse drug reactions for other GPCR ligandsl'Z. Lastly, it is
crucial to identify patient groups that can benefit the most from this
therapy, such as those with high ceramide levels. However, given
the highly conserved function of P2RY6 in both humans and mice,
as well as the mature drug development experience of GPCR
targets, these challenges are likely to be overcome.

Overall, this latest work of the team led by Prof. Wei KongB! not
only reveals that CYSLTR2 and P2RY6 are ceramide receptors but
also accelerates their therapeutic exploitation in clinical drug deve-
lopment. Particularly, P2RY6 is expected to be a potential new target
for combating the risk of residual inflammation in atherosclerosis
and inhibiting plaque due to its pleiotropic role in driving macro-
phage inflammation and foamification.

Ethical statements

Not applicable.

Author contributions

The authors confirm their contributions to the paper as follows:
conceptualization: Hu Q; writing of this manuscript: Li Y, Zhang C,
Zhou Y; revision of this manuscript: Hu Q, Li Y, Zhang C, Zhou, Y,
Lauschke VM. All authors reviewed the results and approved the
final version of the manuscript.

Li et al. Targetome 2025, 1(2): €008



CYSLTR2 and P2RY6 exacerbate atherosclerosis

Data availability

Data sharing is not applicable to this article as no datasets were
generated or analyzed during the current study.

Acknowledgements

This work was supported by the National Key Research and
Development Program of China (Grant No. 2023YFC2812500 to
Qinghua Hu).

Conflict of Interest

Volker M. Lauschke is co-founder, CEO and shareholder of
HepaPredict AB, as well as co-founder and shareholder of Shanghai
Hepo Biotechnology Ltd. The other authors declare no competing
interests.

Dates

Received 21 October 2025; Revised 14 November 2025; Accepted
18 November 2025; Published online 12 December 2025

References

[11  Khan AW, Jandeleit-Dahm KAM. 2025. Atherosclerosis in diabetes melli-
tus: novel mechanisms and mechanism-based therapeutic approaches.
Nature Reviews Cardiology 22(7):482—-496

[2] Crunkhorn S. 2025. Blocking ceramide signalling alleviates atheroscle-
rosis. Nature Reviews Drug Discovery 24(5):334

[3] Zhangs, Lin H, Wang J, Rui J, Wang T, et al. 2025. Sensing ceramides by
CYSLTR2 and P2RY6 to aggravate atherosclerosis. Nature 641:476—485

Li et al. Targetome 2025, 1(2): €008

Targetome

[4] Zhu Q, Scherer PE. 2024. Ceramides and atherosclerotic cardiovascular
disease: a current perspective. Circulation 149(21):1624-1626

[5] Choi RH, Tatum SM, Symons JD, Summers SA, Holland WL. 2021.
Ceramides and other sphingolipids as drivers of cardiovascular disease.
Nature Reviews Cardiology 18(10):701-711

[6] Blackburn MR. 2011. P2Y4 and vascular
117(8):2304-2305

[71 LiY, Zhou M, Li H, Dai C, Yin L, et al. 2024. Macrophage P2Y6 receptor
deletion attenuates atherosclerosis by limiting foam cell formation
through phospholipase Cf/store-operated calcium entry/calreticulin/
scavenger receptor A pathways. European Heart Journal 45(4):268—283

[8] Yang D, Zhou Q, Labroska V, Qin S, Darbalaei S, et al. 2021. G protein-
coupled receptors: structure- and function-based drug discovery.
Signal Transduction and Targeted Therapy 6(1):7

[9] Moore AR, Ceraudo E, Sher JJ, Guan Y, Shoushtari AN, et al. 2016. Recur-
rent activating mutations of G-protein-coupled receptor CYSLTR2 in
uveal melanoma. Nature Genetics 48(6):675—680

[10] de Almeida Carvalho L, Alves VS, Coutinho-Silva R, Savio LEB. 2025. G
protein-coupled purinergic P2Y receptors in infectious diseases. Phar-
macology & Therapeutics 267:108796

[11] Zhu Y, Zhou M, Cheng X, Wang H, Li Y, et al. 2023. Discovery of
selective P2Y6R antagonists with high affinity and in vivo efficacy
for inflammatory disease therapy. Journalof Medicinal Chemistry
66(9):6315-6332

[12] Wright SC, Motso A, Koutsilieri S, Beusch CM, Sabatier P, et al. 2023.
GLP-1R signaling neighborhoods associate with the susceptibility to
adverse drug reactions of incretin mimetics. Nature Communications
14(1):6243

Copyright: © 2025 by the author(s). Published by
BY Maximum Academic Press on behalf of China
Pharmaceutical University. This article is an open access article

distributed under Creative Commons Attribution License (CC BY 4.0),
visit https://creativecommons.org/licenses/by/4.0/.

inflammation. Blood

Page 3 of 3


https://doi.org/10.1038/s41569-024-01115-w
https://doi.org/10.1038/d41573-025-00057-3
https://doi.org/10.1038/s41586-025-08792-8
https://doi.org/10.1161/CIRCULATIONAHA.123.065409
https://doi.org/10.1038/s41569-021-00536-1
https://doi.org/10.1182/blood-2011-01-327973
https://doi.org/10.1093/eurheartj/ehad796
https://doi.org/10.1038/s41392-020-00435-w
https://doi.org/10.1038/ng.3549
https://doi.org/10.1016/j.pharmthera.2025.108796
https://doi.org/10.1016/j.pharmthera.2025.108796
https://doi.org/10.1021/acs.jmedchem.3c00210
https://doi.org/10.1038/s41467-023-41893-4
https://creativecommons.org/licenses/by/4.0/

	Ethical statements
	Author contributions
	Data availability
	Acknowledgements
	Conflict of Interest
	References

