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Abstract
The composition and biophysical characteristics of the plasma membrane are pivotal in regulating mast cell 
immune functions by influencing receptor distribution, activation, and intracellular signaling pathways. 
This article highlights the impact of plasma membrane components, such as cholesterol and lipid rafts, on 
the function of the Mas-related G protein-coupled receptor X2 (MRGPRX2), a key mediator of IgE-
independent mast cell activation and pseudoallergic reactions. We discuss how variations in membrane 
fluidity, lipid composition, and microdomain organization influence MRGPRX2 conformational dynamics, 
ligand accessibility, and downstream signaling efficiency. These membrane-driven effects may help explain 
the heterogeneity of mast cell responsiveness across tissues and disease states. Integrating insights from 
structural biology, biophysics, and clinical immunology emphasizes that plasma membrane composition 
and dynamics regulate MRGPRX2-mediated signaling, positioning the membrane environment as a 
promising therapeutic target for modulating mast-cell hyperreactivity. By outlining this conceptual 
framework, we introduce a unifying hypothesis that membrane-driven regulation is a critical, yet 
underrecognized, determinant of MRGPRX2 responsiveness in different tissues and disease states.
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Introduction
Skin mast cells are mainly situated in the upper dermis, where they play a central role in host defense. Upon 
activation, they can rapidly release histamine and a wide range of inflammatory mediators, leading to 
clinical manifestations such as skin inflammation, itch, wheals, and swelling. Although mast cells can be 
activated by several surface receptors, only FceRI, Mas-related G protein-coupled receptor X2 (MRGPRX2), 
and the complement receptors can directly trigger degranulation [1].
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The cell surface is composed of the plasma membrane, a dynamic mosaic of phospholipids, cholesterol, 
and sphingolipids that form the bilayer matrix. Embedded within this matrix are membrane proteins, while 
carbohydrate chains extend outward to mediate cell recognition and signaling. Membrane fluidity and 
organization of lipid microdomains regulate receptor positioning, clustering, and accessibility, ultimately 
shaping how signaling pathways are initiated and propagated [2, 3]. Among the various cell surface 
receptors on mast cells are the G protein-coupled receptors (GPCRs), the largest known group of integral 
membrane receptor proteins, which play important roles in cellular activation [4]. The influence of plasma 
membrane fluidity on GPCRs translocation and conformational changes has been described previously [5, 
6].

Within the GPCR family is the MRGPRX2, a central mediator of non-IgE-mediated mast cell activation, 
especially in skin inflammatory diseases such as atopic dermatitis and urticaria [7, 8]. Activation of 
MRGPRX2 is mainly associated with pain, itch, inflammation, and pseudo-allergic reactions [1, 9, 10]. Its 
narrow expression profile, being almost exclusively present in tryptase-chymase-positive mast cells 
(MCTC), to which skin mast cells belong, makes MRGPRX2 particularly noteworthy [1]. This receptor 
responds to a diverse range of agonists, including neuropeptides, host-defense peptides, and multiple 
small-molecule drugs, all of which typically contain protonated amine groups and large hydrophobic 
domains [11]. Recent studies have suggested that plasma membrane composition also influences MRGPRX2 
function by determining which receptor conformations are stabilized and thereby modulating ligand-
induced responses [12]. Evidence from MRGPRX2 knock-in and Mrgprb2-deficient mice demonstrates that 
variations in MRGPRX2 surface expression or membrane environment are associated with differences in 
ligand responsiveness, degranulation capacity, and the cycle of neuropeptide-induced inflammation and 
vascular hyperpermeability [13].

This perspective advances the hypothesis that MRGPRX2 is a prototypical “membrane-sensitive” 
receptor whose ligand bias, signaling strength, and disease contributions are tightly coupled to local 
membrane architecture, including cholesterol content, raft organization, and phospholipid remodeling. We 
propose that membrane dynamics are not passive modulators but active determinants of MRGPRX2 
behavior, offering a conceptual framework that may explain the marked variability of MRGPRX2-driven 
responses across cells, tissues, and disease states. In this context, this article focuses on MRGPRX2 and its 
membrane environment, particularly the role of plasma membrane fluidity, addressing the current gaps in 
both basic and translational immunology.

Cholesterol, lipid rafts, and membrane microdomains
Cholesterol and the formation of lipid rafts are important for shaping the plasma membrane and regulating 
its fluidity, flexibility, and stability. These microdomains, enriched in cholesterol and sphingolipids, create 
well-organized yet dynamic regions that promote the gathering of signaling proteins and support targeted 
communication between receptors and effectors (Figure 1) [14, 15].

MRGPRX2 often resides in these cholesterol-dense regions, where raft association stabilizes the 
receptor and enhances signal transmission efficiency [6, 16]. The receptor contains specific cholesterol-
binding motifs, known as the cholesterol-recognition amino acid consensus (CRAC), that promote direct 
cholesterol interaction, thereby encouraging MRGPRX2 to localize within these ordered domains [16, 17].

The physical state of the lipid bilayer, defined by its fluidity, plays a dual role in regulating the activity 
of these membrane bound receptors. Cholesterol limits phospholipid motion, which decreases local fluidity, 
but also fluctuations in cholesterol packing and raft composition create localized gradients of fluidity that 
act as dynamic regulators of receptor flexibility [18, 19]. These subtle variations in fluidity, combined with 
the receptor’s raft association, may fine-tune the conformational balance between active and inactive 
MRGPRX2 states [15, 20].

Importantly, the relationship between cholesterol, membrane fluidity, and receptor function is 
reciprocal. On the one hand, cholesterol stabilizes receptor conformation and membrane order. In contrast, 
the activity and clustering of receptors, such as MRGPRX2, can modify local lipid organization, thereby 
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Figure 1. An illustration of a transmembrane protein localized within a lipid raft in the plasma membrane. Created in 
BioRender. https://BioRender.com/v45p4j7.

altering fluidity. Studies have shown that cholesterol extraction by methyl-β-cyclodextrin increases 
membrane fluidity and reduces GPCRs signaling efficiency [5, 16]. Given that MRGPRX2 contains the CRAC 
motif, it is possible that lipid rafts also contribute to MRGPRX2 activation and G protein coupling [16]. 
Conversely, excessive cholesterol accumulation can render the membrane overly rigid, thereby restricting 
receptor mobility and impairing efficient oligomerization of MRGPRX2s [18]. The bidirectional interplay 
between fluidity and cholesterol content thus establishes a finely balanced system critical for maintaining 
the switch-like responsiveness of MRGPRX2 to its broad spectrum of ligands.

Beyond conformational modulation, membrane rigidity also governs the lateral mobility and spatial 
redistribution of GPCRs across the plasma membrane [14, 19]. In general, increased cholesterol content and 
reduced fluidity can restrict receptor diffusion within the bilayer, thus limiting clustering of GPCRs, 
including MRGPRX2, into specialized membrane regions that facilitate interactions with G proteins and 
downstream effectors [14, 16, 20–22]. Conversely, more fluid membranes may facilitate rapid MRGPRX2 
translocation and promote efficient coupling to intracellular signaling complexes [16, 21].

This dynamic equilibrium may in part explain why MRGPRX2 reactivity varies across cell types, tissue 
environments, and disease conditions. Membrane remodeling events, such as those arising from metabolic 
stress, inflammatory signaling, or pharmacological interventions, can alter the cholesterol-to-phospholipid 
ratio and change bilayer viscosity, thereby directly influencing receptor localization and responsiveness [6, 
20, 23]. For example, the hepatocyte membrane phospholipid composition is dynamically remodeled in 
response to metabolic stress (such as obesity and high-fat diet), inflammatory signaling, and 
pharmacological activation of liver X receptors (LXRs), leading to changes propagated by a stressed 
endoplasmic reticulum [23]. Understanding these biophysical dependencies is crucial for deciphering how 
MRGPRX2 contributes to mast cell-mediated hypersensitivity and for developing strategies that target 
membrane lipids as potential modulators of receptor activity.

Structural mechanisms for fluidity sensitivity
Recent advances in structural biology offer fresh insight into why MRGPRX2 is responsive to its membrane 
surroundings. Cryo-electron microscopy and molecular simulations have revealed that the receptor has a 
wide, surface-exposed ligand-binding pocket positioned close to the membrane interface, rather than 
tucked away deep inside the transmembrane region as in most class A GPCRs [24, 25]. This unique 
orientation indicates that parts of the binding cavity are in direct contact with lipid headgroups, so even 
subtle shifts in membrane order or fluidity can shape how ligands access and activate the receptor. A key 
structural feature contributing to this property is the configuration of the extracellular loop region 2 
(ECL2). MRGPRX2 lacks the canonical disulfide bridge between ECL2 and transmembrane helix 3, a 
stabilizing bond between the two specific cysteine residues that enclose the binding site in other GPCRs; 
therefore, in its absence, ECL2 remains short, flexible, and partially open toward the lipid interface, as 
shown in Figure 2 [24–26].
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Figure 2. Comparison of MRGPRX2 with other GPCRs’ structures. Typical GPCRs have a conserved ECL2 disulfide bridge 
that stabilizes ligand binding, whereas MRGPRX2 lacks this feature, contributing to its unique ligand recognition and signaling 
properties. ECL2: extracellular loop region 2; GPCRs: G protein-coupled receptors; MRGPRX2: Mas-related G protein-coupled 
receptor X2. Created in BioRender. https://BioRender.com/v45p4j7.

This unique structural feature suggests MRGPRX2 may be more responsive to membrane lipid 
environment changes than receptors with constrained ECL2 domains [25, 27].

When the membrane becomes more fluid, increased molecular motion within the bilayer may permit 
greater flexibility of ECL2 and transmembrane helices, facilitating ligand entry and conformational 
rearrangements. It’s been demonstrated that mechanical disturbance of the plasma membrane can trigger 
ligand-independent conformational transitions in GPCRs [28]. Time-resolved fluorescence microscopy and 
GPCR conformation-sensitive fluorescence resonance energy transfer (FRET) revealed that subjecting 
endothelial cells to fluid shear stress, hypotonic environments, or membrane-fluidizing compounds, such as 
benzyl alcohol, significantly increased the activity of bradykinin B2 GPCR, highlighting the influence of 
changes in the lipid bilayer environment on GPCR conformational dynamics [28].

Computational modeling shows that MRGPRX2’s main binding pocket is put together from parts of 
transmembrane helices 3 to 6, with clusters of acidic and hydrophobic residues right near the lipid 
headgroup surface [11, 24, 25]. This constitution allows both ligands and the surrounding lipids to interact 
with the receptor. Even small changes in membrane fluidity, whether from cholesterol, fatty acid saturation, 
or temperature, can subtly shift how these helices are packed, changing the shape of the binding cavity and 
influencing how long ligands stay bound and how easily the receptor is activated.

Clinical implications and future directions
In the past decade, the MRGPRX2 receptor has gotten a lot of attention due to its role in inflammatory skin 
diseases and as mast cell activator, alternative to IgE receptor signaling [7]. In chronic spontaneous 
urticaria (CSU) where mast cell hyperreactivity can occur without allergen-specific IgE, skin biopsies from 
CSU patients consistently reveal an increased number of MRGPRX2-positive mast cells and elevated levels 
of its endogenous agonists, such as substance P and vasoactive intestinal peptide (VIP), compared with 
healthy skin, allowing for higher mast cell degranulation and histamine release [2, 29]. It has also been 
shown that CSU patients often exhibit systemic lipid imbalance or oxidative stress, may experience variable 
sensitivity to neuropeptides and cationic drugs [2]. Therefore, disease conditions or medications that 
change lipid raft stability can potentially alternate MRGPRX2-mediated mast cell signaling [21].
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From a therapeutic perspective, maintaining balanced membrane order emerges as an attractive target 
to control MRGPRX2-driven inflammation. Compounds that restore physiological cholesterol-to-
phospholipid ratios or stabilize raft architecture could downregulate receptor hyperactivity without 
directly blocking ligand binding. Meanwhile, selective MRGPRX2 antagonists, including several new small 
molecules now in clinical testing, have demonstrated potent inhibition of neuropeptide-induced mast cell 
degranulation, supporting their use in diseases such as CSU and drug hypersensitivity [7, 30]. Combining 
membrane modulators with receptor-specific agents could thus represent a dual-level therapeutic 
approach to prevent untoward mast cell activation.

Conclusions
Emerging biochemical evidence indicates that plasma membrane fluidity plays a critical role in regulating 
GPCR function, including MRGPRX2. Given its importance in inflammatory skin diseases, disruptions in 
membrane organization may heighten mast-cell excitability and increase hypersensitivity risk. MRGPRX2 
thus exemplifies how the membrane context of mast cells can be leveraged for therapeutic intervention, 
uniting principles from immunology, nanomedicine, and receptor pharmacology. Key outstanding questions 
include whether distinct lipidomic signatures predict MRGPRX2 hyperreactivity, how disease-associated 
variants interact with specific membrane environments, and whether vesicle- or nanoparticle-based 
strategies could be used to locally normalize mast-cell membranes. Addressing these points will deepen our 
understanding of MRGPRX2-mediated hypersensitivity and may ultimately support the development of 
therapies that modulate receptor activity by targeting its membrane environment.

Abbreviations
CRAC: cholesterol-recognition amino acid consensus

CSU: chronic spontaneous urticaria

ECL2: extracellular loop region 2

GPCRs: G protein-coupled receptors

MRGPRX2: Mas-related G protein-coupled receptor X2

Declarations
Author contributions

LL: Conceptualization, Investigation, Writing—original draft, Writing—review & editing. MB: Writing—
original draft, Writing—review & editing. TZ: Writing—original draft, Writing—review & editing. KS: 
Validation, Writing—review & editing, Supervision. All authors read and approved the submitted version.

Conflicts of interest

Torsten Zuberbier, who is the Associate Editor and Guest Editor of Exploration of Asthma & Allergy; 
Katarina Stevanovic, who is the Guest Editor of Exploration of Asthma & Allergy, had no involvement in the 
decision-making or the review process of this manuscript. TZ has received institutional funding for 
research and/or honoraria for lectures and/or consulting from Amgen, AstraZeneca, AbbVie, ALK, Almirall, 
Astellas, Bayer Health Care, Bencard, Berlin Chemie, FAES, HAL, Henkel, Kryolan, Leti, L’Oréal, Meda, 
Menarini, Merck MSD, Novartis, Pfizer, Sanofi, Stallergenes, Takeda, Teva and UCB, Uriach; in addition, he is 
a member of ARIA, DGAKI, ECARF, GA2LEN, and WAO. The other authors declare no conflicts of interest.

Ethical approval

Not applicable.

Consent to participate

Not applicable.



Explor Asthma Allergy. 2026;4:1009118 | https://doi.org/10.37349/eaa.2026.1009118 Page 6

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

Not applicable.

Copyright

© The Author(s) 2026.

Publisher’s note
Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations 
and maps. All opinions expressed in this article are the personal views of the author(s) and do not 
represent the stance of the editorial team or the publisher.

References
McNeil BD, Pundir P, Meeker S, Han L, Undem BJ, Kulka M, et al. Identification of a mast-cell-specific 
receptor crucial for pseudo-allergic drug reactions. Nature. 2015;519:237–41. [DOI] [PubMed] [PMC]

1.     

Castells M, Madden M, Oskeritzian CA. Mast Cells and Mas-related G Protein-coupled Receptor X2: 
Itching for Novel Pathophysiological Insights to Clinical Relevance. Curr Allergy Asthma Rep. 2025;25:
5. [DOI] [PubMed] [PMC]

2.     

Escribá PV, Busquets X, Inokuchi J, Balogh G, Török Z, Horváth I, et al. Membrane lipid therapy: 
Modulation of the cell membrane composition and structure as a molecular base for drug discovery 
and new disease treatment. Prog Lipid Res. 2015;59:38–53. [DOI] [PubMed]

3.     

Okayama Y, Saito H, Ra C. Targeting human mast cells expressing g-protein-coupled receptors in 
allergic diseases. Allergol Int. 2008;57:197–203. [DOI] [PubMed]

4.     

Fallahi-Sichani M, Linderman JJ. Lipid raft-mediated regulation of G-protein coupled receptor 
signaling by ligands which influence receptor dimerization: a computational study. PLoS One. 2009;4:
e6604. [DOI] [PubMed] [PMC]

5.     

Roy S, Chompunud Na Ayudhya C, Thapaliya M, Deepak V, Ali H. Multifaceted MRGPRX2: New insight 
into the role of mast cells in health and disease. J Allergy Clin Immunol. 2021;148:293–308. [DOI] 
[PubMed] [PMC]

6.     

Lerner L, Babina M, Zuberbier T, Stevanovic K. Beyond Allergies-Updates on The Role of Mas-Related 
G-Protein-Coupled Receptor X2 in Chronic Urticaria and Atopic Dermatitis. Cells. 2024;13:220. [DOI] 
[PubMed] [PMC]

7.     

Tatemoto K, Nozaki Y, Tsuda R, Konno S, Tomura K, Furuno M, et al. Immunoglobulin E-independent 
activation of mast cell is mediated by Mrg receptors. Biochem Biophys Res Commun. 2006;349:
1322–8. [DOI] [PubMed]

8.     

Lazki-Hagenbach P, Kleeblatt E, Ali H, Sagi-Eisenberg R. Spatiotemporal Patterns of Substance P-
Bound MRGPRX2 Reveal a Novel Connection Between Macropinosome Resolution and Secretory 
Granule Regeneration in Mast Cells. Front Immunol. 2022;13:892239. [DOI] [PubMed] [PMC]

9.     

Grimes J, Desai S, Charter NW, Lodge J, Moita Santos R, Isidro-Llobet A, et al. MrgX2 is a promiscuous 
receptor for basic peptides causing mast cell pseudo-allergic and anaphylactoid reactions. Pharmacol 
Res Perspect. 2019;7:e00547. [DOI] [PubMed] [PMC]

10.     

Maier P, Macht M, Beck S, Kolkhir P, Babina M, Kremer AE, et al. MRGPRX2 ligandome: Molecular 
simulations reveal three categories of ligand-receptor interactions. J Struct Biol. 2025;217:108193. 
[DOI] [PubMed]

11.     

https://dx.doi.org/10.1038/nature14022
http://www.ncbi.nlm.nih.gov/pubmed/25517090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359082
https://dx.doi.org/10.1007/s11882-024-01183-5
http://www.ncbi.nlm.nih.gov/pubmed/39585499
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11588779
https://dx.doi.org/10.1016/j.plipres.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/25969421
https://dx.doi.org/10.2332/allergolint.R-08-163
http://www.ncbi.nlm.nih.gov/pubmed/18724073
https://dx.doi.org/10.1371/journal.pone.0006604
http://www.ncbi.nlm.nih.gov/pubmed/19668374
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2719103
https://dx.doi.org/10.1016/j.jaci.2021.03.049
http://www.ncbi.nlm.nih.gov/pubmed/33957166
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8355064
https://dx.doi.org/10.3390/cells13030220
http://www.ncbi.nlm.nih.gov/pubmed/38334612
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10854933
https://dx.doi.org/10.1016/j.bbrc.2006.08.177
http://www.ncbi.nlm.nih.gov/pubmed/16979137
https://dx.doi.org/10.3389/fimmu.2022.892239
http://www.ncbi.nlm.nih.gov/pubmed/35837385
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9273857
https://dx.doi.org/10.1002/prp2.547
http://www.ncbi.nlm.nih.gov/pubmed/31832205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6887720
https://dx.doi.org/10.1016/j.jsb.2025.108193
http://www.ncbi.nlm.nih.gov/pubmed/40086706


Explor Asthma Allergy. 2026;4:1009118 | https://doi.org/10.37349/eaa.2026.1009118 Page 7

Li Z, Schneikert J, Bal G, Zuberbier T, Babina M. Icatibant Acts as a Balanced Ligand of MRGPRX2 in 
Human Skin Mast Cells. Biomolecules. 2025;15:1224. [DOI] [PubMed] [PMC]

12.     

Nagamine M, Kaitani A, Izawa K, Ando T, Yoshikawa A, Nakamura M, et al. Neuronal substance P-
driven MRGPRX2-dependent mast cell degranulation products differentially promote vascular 
permeability. Front Immunol. 2024;15:1477072. [DOI] [PubMed] [PMC]

13.     

Baccouch R, Rascol E, Stoklosa K, Alves ID. The role of the lipid environment in the activity of G 
protein coupled receptors. Biophys Chem. 2022;285:106794. [DOI] [PubMed]

14.     

Horváth Á, Erostyák J, Szőke É. Effect of Lipid Raft Disruptors on Cell Membrane Fluidity Studied by 
Fluorescence Spectroscopy. Int J Mol Sci. 2022;23:13729. [DOI] [PubMed] [PMC]

15.     

Chompunud Na Ayudhya C, Roy S, Alkanfari I, Ganguly A, Ali H. Identification of Gain and Loss of 
Function Missense Variants in MRGPRX2’s Transmembrane and Intracellular Domains for Mast Cell 
Activation by Substance P. Int J Mol Sci. 2019;20:5247. [DOI] [PubMed] [PMC]

16.     

Fantini J, Di Scala C, Evans LS, Williamson PT, Barrantes FJ. A mirror code for protein-cholesterol 
interactions in the two leaflets of biological membranes. Sci Rep. 2016;6:21907. [DOI] [PubMed] 
[PMC]

17.     

Jakubík J, El-Fakahany EE. Allosteric Modulation of GPCRs of Class A by Cholesterol. Int J Mol Sci. 
2021;22:1953. [DOI] [PubMed] [PMC]

18.     

Oates J, Watts A. Uncovering the intimate relationship between lipids, cholesterol and GPCR 
activation. Curr Opin Struct Biol. 2011;21:802–7. [DOI] [PubMed]

19.     

Fantini J, Epand RM, Barrantes FJ. Cholesterol-Recognition Motifs in Membrane Proteins. In: 
Rosenhouse-Dantsker A, Bukiya AN, editors. Direct Mechanisms in Cholesterol Modulation of Protein 
Function. Cham: Springer International Publishing; 2019. pp. 3–25. [DOI] [PubMed]

20.     

West PW, Chéret J, Bahri R, Kiss O, Wu Z, Macphee CH, et al. The MRGPRX2-substance P pathway 
regulates mast cell migration. iScience. 2024;27:110984. [DOI] [PubMed] [PMC]

21.     

Marguet D, Lenne PF, Rigneault H, He HT. Dynamics in the plasma membrane: how to combine fluidity 
and order. EMBO J. 2006;25:3446–57. [DOI] [PubMed] [PMC]

22.     

Rong X, Albert CJ, Hong C, Duerr MA, Chamberlain BT, Tarling EJ, et al. LXRs regulate ER stress and 
inflammation through dynamic modulation of membrane phospholipid composition. Cell Metab. 
2013;18:685–97. [DOI] [PubMed] [PMC]

23.     

Cao C, Kang HJ, Singh I, Chen H, Zhang C, Ye W, et al. Structure, function and pharmacology of human 
itch GPCRs. Nature. 2021;600:170–5. [DOI] [PubMed] [PMC]

24.     

Yang F, Guo L, Li Y, Wang G, Wang J, Zhang C, et al. Structure, function and pharmacology of human 
itch receptor complexes. Nature. 2021;600:164–9. [DOI] [PubMed]

25.     

Wheatley M, Wootten D, Conner MT, Simms J, Kendrick R, Logan RT, et al. Lifting the lid on GPCRs: the 
role of extracellular loops. Br J Pharmacol. 2012;165:1688–703. [DOI] [PubMed] [PMC]

26.     

Guo L, Zhang Y, Fang G, Tie L, Zhuang Y, Xue C, et al. Ligand recognition and G protein coupling of the 
human itch receptor MRGPRX1. Nat Commun. 2023;14:5004. [DOI] [PubMed] [PMC]

27.     

Chachisvilis M, Zhang YL, Frangos JA. G protein-coupled receptors sense fluid shear stress in 
endothelial cells. Proc Natl Acad Sci U S A. 2006;103:15463–8. [DOI] [PubMed] [PMC]

28.     

Ogasawara H, Noguchi M. Therapeutic Potential of MRGPRX2 Inhibitors on Mast Cells. Cells. 2021;10:
2906. [DOI] [PubMed] [PMC]

29.     

Al Hamwi G, Alnouri MW, Verdonck S, Leonczak P, Chaki S, Frischbutter S, et al. Subnanomolar MAS-
related G protein-coupled receptor-X2/B2 antagonists with efficacy in human mast cells and disease 
models. Signal Transduct Target Ther. 2025;10:128. [DOI] [PubMed] [PMC]

30.     

https://dx.doi.org/10.3390/biom15091224
http://www.ncbi.nlm.nih.gov/pubmed/41008531
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12466958
https://dx.doi.org/10.3389/fimmu.2024.1477072
http://www.ncbi.nlm.nih.gov/pubmed/39640264
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11617324
https://dx.doi.org/10.1016/j.bpc.2022.106794
http://www.ncbi.nlm.nih.gov/pubmed/35344820
https://dx.doi.org/10.3390/ijms232213729
http://www.ncbi.nlm.nih.gov/pubmed/36430205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9697551
https://dx.doi.org/10.3390/ijms20215247
http://www.ncbi.nlm.nih.gov/pubmed/31652731
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6862462
https://dx.doi.org/10.1038/srep21907
http://www.ncbi.nlm.nih.gov/pubmed/26915987
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4768152
https://dx.doi.org/10.3390/ijms22041953
http://www.ncbi.nlm.nih.gov/pubmed/33669406
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7920425
https://dx.doi.org/10.1016/j.sbi.2011.09.007
http://www.ncbi.nlm.nih.gov/pubmed/22036833
https://dx.doi.org/10.1007/978-3-030-14265-0_1
http://www.ncbi.nlm.nih.gov/pubmed/31098808
https://dx.doi.org/10.1016/j.isci.2024.110984
http://www.ncbi.nlm.nih.gov/pubmed/39435146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11492034
https://dx.doi.org/10.1038/sj.emboj.7601204
http://www.ncbi.nlm.nih.gov/pubmed/16900097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1538569
https://dx.doi.org/10.1016/j.cmet.2013.10.002
http://www.ncbi.nlm.nih.gov/pubmed/24206663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3889491
https://dx.doi.org/10.1038/s41586-021-04126-6
http://www.ncbi.nlm.nih.gov/pubmed/34789874
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9150435
https://dx.doi.org/10.1038/s41586-021-04077-y
http://www.ncbi.nlm.nih.gov/pubmed/34789875
https://dx.doi.org/10.1111/j.1476-5381.2011.01629.x
http://www.ncbi.nlm.nih.gov/pubmed/21864311
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3372823
https://dx.doi.org/10.1038/s41467-023-40705-z
http://www.ncbi.nlm.nih.gov/pubmed/37591889
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10435460
https://dx.doi.org/10.1073/pnas.0607224103
http://www.ncbi.nlm.nih.gov/pubmed/17030791
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1622845
https://dx.doi.org/10.3390/cells10112906
http://www.ncbi.nlm.nih.gov/pubmed/34831128
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8616451
https://dx.doi.org/10.1038/s41392-025-02209-8
http://www.ncbi.nlm.nih.gov/pubmed/40254631
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12010006

	Abstract
	Keywords
	Introduction
	Cholesterol, lipid rafts, and membrane microdomains
	Structural mechanisms for fluidity sensitivity
	Clinical implications and future directions
	Conclusions
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

