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Abstract
CD63 is a tetraspanin initially associated with late endosomes and contributes to numerous functions at the cell 
level, such as intracellular endosomal and lysosomal trafficking, adhesion, and motility. CD63 also plays a key role 
in the biogenesis and release of exosomes, i.e., small extracellular vesicles (EVs) of endosomal origin, facilitating 
the formation of multivesicular bodies (MVBs), the coordination with the endosomal sorting complexes required 
for transport (ESCRT) machinery, the selection of cargoes carried by future exosomes, and the fusion of MVBs with 
the plasma membrane for exosome release. In a recent publication in Nature Cell Biology, Guillaume van Niel’s team 
provides arguments in favor of another EV-linked function for CD63, namely the regulation of cholesterol storage 
and release by small EVs of endogenous origin. Complemented by two other publications from the teams of 
Keisuke Ito and Xabier Ostreikoetxea, which respectively describe the role of (i) mitochondrial metabolism on 
CD63 function and (ii) the link between the reduced CD63+ small EVs and dyslipidemia, these arguments highlight 
the key role of CD63 in the regulation of cholesterol homeostasis through exosomes and more widely small EVs in 
physiological and pathological conditions. Future research on CD63 may thus redefine our approach to cellular lipid 
management and therapeutic lipid delivery.
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CORE OF THE COMMENTARY
The tetraspanin (Tspan) family is composed of 37 small proteins in humans and characterized by (i) four 
spans referring to their four transmembrane domains; (ii) a small extracellular loop; and (iii) a large 
extracellular loop holding a specific CCG motif and between 4 to 8 cysteine residues[1-2]. Tspans have long 
been recognized for their influence on membrane and endosomal dynamics, cellular metabolism, and EV 
formation and function[1,3,4]. However, the specific mechanisms governing lipid organization and trafficking 
through vesicles remain under investigation[5,6]. By positioning CD63 - a C6-CC Tspan according to the 
updated Tspan classification[7] - as a mediator of cholesterol distribution, Palmulli and colleagues build on 
foundational work that established the importance of Tspans in vesicular transport and lipid raft 
assembly[8]. CD63, previously characterized for its role in protein clustering and vesicular trafficking[9], now 
emerges as a crucial regulator of cholesterol-rich microdomains, potentially impacting membrane integrity 
and signaling pathways.

Using lipidomic profiling and fluorescence microscopy, Palmulli and colleagues showed that cells 
expressing CD63 had higher cholesterol levels within intraluminal vesicles (ILVs), indicating that CD63 
directly mediates cholesterol trafficking into these vesicles[10]. The deficiency of CD63 altered the 
intracellular cholesterol trafficking routes, rerouting cholesterol away from MVBs and toward other cellular 
destinations. This finding highlights CD63 as a central regulator of endosomal cholesterol balance and 
suggests that cells rely on CD63 to maintain lipid homeostasis within specific organelles. They also 
demonstrated that CD63+ extracellular vesicles (EVs) contained significantly higher cholesterol levels than 
EVs from CD63-deficient cells. This indicates that CD63 is critical for generating cholesterol-rich EVs, 
which can then carry cholesterol to recipient cells, suggesting a broader role for CD63 in intercellular lipid 
transfer. By structural analogy with CD81 and its capacity to bind cholesterol[11], they also reveal the 
presence of a cholesterol-binding pocket represented by a cone-like structure and an intramembrane cavity 
on CD63 structure. This feature is linked to the glutamate residue in position 217 (E217) in the CD63 amino 
acid sequence that is localized in its fourth transmembrane domain. This newly identified structure 
facilitates cholesterol partitioning into the membranes of MVBs[10]. This pocket is essential for the precise 
sorting of cholesterol into ILVs within MVBs, effectively enriching ILVs and further exosomes with 
cholesterol. By shifting cholesterol distribution within cells, CD63 influences not only lipid storage but also 
the potential signaling pathways that depend on cholesterol-rich microdomains. The study suggests that 
CD63-mediated cholesterol sorting could have downstream effects on cell signaling, as cholesterol-rich EVs 
could interact with recipient cells and modulate lipid-based signaling pathways, thereby impacting cellular 
communication[10]. Based on these findings, CD63 could be involved in endolysosomal cholesterol egress 
pathways [Figure 1] either (i) linked to Niemann-Pick C 1 and 2 proteins (NPC1/2)-mediated cholesterol 
export from endolysosomes; or (ii) as a key protein involved in NPC1/2-independent cholesterol egress 
pathways[12-14].

This study brings new insights into the specific molecular mechanisms by which CD63 influences the fate of 
cholesterol within cells, presenting potential therapeutic opportunities, particularly in conditions marked by 
dysregulated lipid metabolism, aberrant cholesterol homeostasis or pathologies associated with cholesterol 
accumulation, such as Niemann-Pick disease (NPC), neurodegenerative disorders, or atherosclerosis[15]. 
Kestecher and colleagues support this by demonstrating how altered CD63+ EV levels correlate with 
hypercholesterolemia and atherosclerosis in murine models, particularly when low-density lipoproteins 
(LDL) levels are elevated due to diet or genetic modifications. Their findings underscore the inverse 
correlation between CD63+ EVs and cholesterol levels, a relationship with potential implications for 
cardiovascular risk biomarkers[16]. In parallel, Bonora and colleagues elucidate how stem cell-derived EVs 
(SC-EVs) alter lipidomic profiles within target cells, suggesting that specific EV lipid cargo could be 
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Figure 1. CD63 regulates the cellular cholesterol balance and export through exosomes. The expression and function of CD63, which 
seem to be partly regulated by mitochondrial fatty acid metabolism, promote cholesterol transfer from the membrane of the MVBs to 
CD63 cholesterol-binding pocket. After budding and formation of ILV within the MVB, CD63 enriches ILV in cholesterol, constituting 
lipid raft-like domains. The subsequent secreted CD63+ exosomes enriched in cholesterol can, therefore, deliver their lipid content to 
receipt cells and favor the exchanges of cholesterol with cells/organs of interest(s) through exosomes. In pathological contexts linked to 
lipid disorders such as fatty acid metabolism dysregulation or dyslipidemia, CD63 expression and/or function is altered, the cholesterol 
is rerouted to other organelles, and CD63-deficient exosomes released are poorly concentrated in cholesterol. ILV: Intraluminal vesicles; 
MVBs: multivesicular bodies.

engineered for therapeutic purposes, particularly in stem cell applications to regulate lipid dysregulation. 
This work complements foundational findings on cholesterol-transporting proteins such as NPC1 and 
NPC2, further emphasizing the lipid regulatory potential of CD63 within the endosomal system[17]. 
Kestecher and colleagues also highlight that proprotein convertase subtilisin/kexin type 9 (PCSK9) 
knockout models show preserved cardiac function despite cholesterol elevation, suggesting that targeted 
modulation of EV levels could mitigate the cardiovascular consequences of lipid accumulation. Therapeutic 
interventions enhancing CD63 activity may improve lipid distribution within EVs, providing an innovative 
route for regulating cholesterol levels in hypercholesterolemic patients and potentially serving as adjunctive 
therapy with PCSK9 inhibitors[16].
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To summarize, Palmulli et al. brought the building block of promising outcomes that lipid-sorting proteins 
like CD63 could redefine approaches to managing lipid imbalances, offering novel therapeutic pathways for 
lipid-based pathological disorders. However, this CD63-mediated cholesterol egress pathway can be cell 
type-dependent[10], and since lipid metabolism differs between humans and mice, the translation from mice 
experiments and human applications needs to be considered with care[18]. Moreover, studying the role of 
CD63 in cholesterol homeostasis would be of interest for cell type-specific events linked to 
hypercholesterolemia and cardiovascular diseases, such as those involving endothelial cells or monocyte-
derived macrophages since EVs, and probably CD63+ EVs, play a role in these pathological contexts[5,19-21]. 
Lastly, and despite these discrepancies that remain to be elucidated, modulating CD63 activity or expression 
could, therefore, be of interest as a way to influence the cellular lipid composition to mitigate disease-
associated lipid imbalances.

DECLARATIONS
Authors’ contributions
Contributed equally to this commentary: Saint-Pol J, Fenart L
Drawn the figure: Saint-Pol J

Availability of data and materials
Not applicable.

Financial support and sponsorship
This work was supported by the French National Research Agency (ANR-21-CE14-0002).

Conflicts of interest
Saint-Pol J is a Junior Editorial Board member of the journal Extracellular Vesicles and Circulating Nucleic 
Acids. Saint-Pol J was not involved in any steps of editorial processing, notably including reviewer selection, 
manuscript handling, and decision making. The other author declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2025.

REFERENCES
Charrin S, Jouannet S, Boucheix C, Rubinstein E. Tetraspanins at a glance. J Cell Sci. 2014;127:3641-8.  DOI  PubMed1.     
Lang T, Hochheimer N. Tetraspanins. Curr Biol. 2020;30:R204-6.  DOI  PubMed2.     
Andreu Z, Yáñez-Mó M. Tetraspanins in extracellular vesicle formation and function. Front Immunol. 2014;5:442.  DOI  PubMed  
PMC

3.     

Toribio V, Yáñez-Mó M. Tetraspanins interweave EV secretion, endosomal network dynamics and cellular metabolism. Eur J Cell 
Biol. 2022;101:151229.  DOI  PubMed

4.     

Pfrieger FW, Vitale N. Cholesterol and the journey of extracellular vesicles. J Lipid Res. 2018;59:2255-61.  DOI  PubMed  PMC5.     
Raposo G, Stoorvogel W. Extracellular vesicles: exosomes, microvesicles, and friends. J Cell Biol. 2013;200:373-83.  DOI  PubMed  
PMC

6.     

Broadbent LM, Rothnie AJ, Simms J, Bill RM. Classifying tetraspanins: a universal system for numbering residues and a proposal for 
naming structural motifs and subfamilies. Biochim Biophys Acta Biomembr. 2024;1866:184265.  DOI

7.     

Yáñez-Mó M, Barreiro O, Gordon-Alonso M, Sala-Valdés M, Sánchez-Madrid F. Tetraspanin-enriched microdomains: a functional 8.     

https://dx.doi.org/10.1242/jcs.154906
http://www.ncbi.nlm.nih.gov/pubmed/25128561
https://dx.doi.org/10.1016/j.cub.2020.01.007
http://www.ncbi.nlm.nih.gov/pubmed/32155418
https://dx.doi.org/10.3389/fimmu.2014.00442
http://www.ncbi.nlm.nih.gov/pubmed/25278937
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4165315
https://dx.doi.org/10.1016/j.ejcb.2022.151229
http://www.ncbi.nlm.nih.gov/pubmed/35500468
https://dx.doi.org/10.1194/jlr.r084210
http://www.ncbi.nlm.nih.gov/pubmed/29678958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6277151
https://dx.doi.org/10.1083/jcb.201211138
http://www.ncbi.nlm.nih.gov/pubmed/23420871
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3575529
https://dx.doi.org/10.1016/j.bbamem.2023.184265


Saint-Pol et al. Extracell Vesicles Circ Nucleic Acids. 2025;6:166-70 https://dx.doi.org/10.20517/evcna.2024.92                                  Page 170

unit in cell plasma membranes. Trends Cell Biol. 2009;19:434-46.  DOI  PubMed
Escola JM, Kleijmeer MJ, Stoorvogel W, Griffith JM, Yoshie O, Geuze HJ. Selective enrichment of tetraspan proteins on the internal 
vesicles of multivesicular endosomes and on exosomes secreted by human B-lymphocytes. J Biol Chem. 1998;273:20121-7.  DOI  
PubMed

9.     

Palmulli R, Couty M, Piontek MC, et al. CD63 sorts cholesterol into endosomes for storage and distribution via exosomes. Nat Cell 
Biol. 2024;26:1093-109.  DOI  PubMed

10.     

Zimmerman B, Kelly B, McMillan BJ, et al. Crystal structure of a full-length human tetraspanin reveals a cholesterol-binding pocket. 
Cell. 2016;167:1041-51.e11.  DOI  PubMed  PMC

11.     

Höglinger D, Burgoyne T, Sanchez-Heras E, et al. NPC1 regulates ER contacts with endocytic organelles to mediate cholesterol 
egress. Nat Commun. 2019;10:4276.  DOI  PubMed  PMC

12.     

Lu A. Endolysosomal cholesterol export: more than just NPC1. Bioessays. 2022;44:e2200111.  DOI  PubMed13.     
Strauss K, Goebel C, Runz H, et al. Exosome secretion ameliorates lysosomal storage of cholesterol in Niemann-Pick type C disease. J 
Biol Chem. 2010;285:26279-88.  DOI  PubMed  PMC

14.     

Vance JE, Karten B. Niemann-Pick C disease and mobilization of lysosomal cholesterol by cyclodextrin. J Lipid Res. 2014;55:1609-
21.  DOI  PubMed  PMC

15.     

Kestecher BM, Németh K, Ghosal S, et al. Reduced circulating CD63+ extracellular vesicle levels associate with atherosclerosis in 
hypercholesterolaemic mice and humans. Cardiovasc Diabetol. 2024;23:368.  DOI  PubMed  PMC

16.     

Bonora M, Morganti C, van Gastel N, et al. A mitochondrial NADPH-cholesterol axis regulates extracellular vesicle biogenesis to 
support hematopoietic stem cell fate. Cell Stem Cell. 2024;31:359-77.e10.  DOI  PubMed  PMC

17.     

Farooqi IS, Xu Y. Translational potential of mouse models of human metabolic disease. Cell. 2024;187:4129-43.  DOI  PubMed18.     
Buffolo F, Monticone S, Camussi G, Aikawa E. Role of extracellular vesicles in the pathogenesis of vascular damage. Hypertension. 
2022;79:863-73.  DOI  PubMed  PMC

19.     

Cai J, Guan W, Tan X, et al. SRY gene transferred by extracellular vesicles accelerates atherosclerosis by promotion of leucocyte 
adherence to endothelial cells. Clin Sci. 2015;129:259-69.  DOI  PubMed

20.     

Chen L, Hu L, Li Q, Ma J, Li H. Exosome-encapsulated miR-505 from ox-LDL-treated vascular endothelial cells aggravates 
atherosclerosis by inducing NET formation. Acta Biochim Biophys Sin. 2019;51:1233-41.  DOI  PubMed

21.     

https://dx.doi.org/10.1016/j.tcb.2009.06.004
http://www.ncbi.nlm.nih.gov/pubmed/19709882
https://dx.doi.org/10.1074/jbc.273.32.20121
http://www.ncbi.nlm.nih.gov/pubmed/9685355
https://dx.doi.org/10.1038/s41556-024-01432-9
http://www.ncbi.nlm.nih.gov/pubmed/38886558
https://dx.doi.org/10.1016/j.cell.2016.09.056
http://www.ncbi.nlm.nih.gov/pubmed/27881302
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5127602
https://dx.doi.org/10.1038/s41467-019-12152-2
http://www.ncbi.nlm.nih.gov/pubmed/31537798
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6753064
https://dx.doi.org/10.1002/bies.202200111
http://www.ncbi.nlm.nih.gov/pubmed/35934896
https://dx.doi.org/10.1074/jbc.m110.134775
http://www.ncbi.nlm.nih.gov/pubmed/20554533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2924046
https://dx.doi.org/10.1194/jlr.r047837
http://www.ncbi.nlm.nih.gov/pubmed/24664998
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4109756
https://dx.doi.org/10.1186/s12933-024-02459-w
http://www.ncbi.nlm.nih.gov/pubmed/39420340
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11487797
https://dx.doi.org/10.1016/j.stem.2024.02.004
http://www.ncbi.nlm.nih.gov/pubmed/38458178
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10957094
https://dx.doi.org/10.1016/j.cell.2024.07.011
http://www.ncbi.nlm.nih.gov/pubmed/39067442
https://dx.doi.org/10.1161/hypertensionaha.121.17957
http://www.ncbi.nlm.nih.gov/pubmed/35144490
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9010370
https://dx.doi.org/10.1042/cs20140826
http://www.ncbi.nlm.nih.gov/pubmed/25783200
https://dx.doi.org/10.1093/abbs/gmz123
http://www.ncbi.nlm.nih.gov/pubmed/31768526

