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Small Extracellular Vesicles from Young Plasma May Be a
Potential Novel Therapeutic for Treating Erectile Dysfunction
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Approximately 322 million males are predicted to suffer from erec-
tile dysfunction (ED) by 2025, which represents a serious public
health threat to the aging population worldwide.! Aging has been
identified as a crucial risk factor contributing to the onset of ED,
independent of the presence of cardiovascular disorders or diabetes
mellitus.? Notably, the severity of ED significantly increases with
aging,® which underscores the importance of targeting the biologi-
cal and physiological processes of aging to reverse the incidence
and progression of ED, thereby improving the quality of sexual life
in the increasingly healthy aging population. Drug administration
remains the mainstay and most common therapeutic approach for
treating ED, but its efficacy is still far from satisfactory. Therefore,
therapeutics with better efficacy and safety are urgently needed.

We recently reported in Nature Aging that young plasma-de-
rived small extracellular vesicles (sEVs) can reverse aging and a
range of aging-related tissue functional declines,* subsequently ex-
tending the lifespan of mouse models. Mechanistically, we demon-
strated that this therapeutic effect is dependent on the stimulation
of peroxisome proliferator-activated receptor gamma coactivator
1-a (PGC-1a) expression by sEV-loaded microRNAs (miRNAs),
thereby alleviating mitochondrial defects and reinvigorating mito-
chondrial vitality and function.

PGC-1a, encoded by the PPARGC1A gene, is a transcriptional
cofactor that plays a pivotal role in regulating energy metabolism
homeostasis in response to various physiological processes, includ-
ing adaptive thermogenesis, exercise, and fasting. It is predomi-
nantly expressed in tissues with high energy demands, such as the
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heart, skeletal muscle, brown adipose tissue, liver, kidney, and brain.
The expression and activity of PGC-1a are downregulated in ag-
ing and age-related diseases, underscoring its importance in human
physiology.® In the context of aging, PGC-1a. is crucial because it
modulates mitochondrial biogenesis and dynamics, which are inte-
gral to maintaining cellular vitality and function.>® Mitochondrial
dysfunction is often associated with aging, and PGC-1a’s role in
promoting mitochondrial health is therefore particularly significant.
In summary, PGC-1a is a master regulator of energy homeostasis
with significant implications for aging, muscle and neuronal func-
tion, and cellular vitality. Its role in mitochondrial biogenesis, main-
tenance, and quality control is essential for the health and function
of cells, particularly in high-energy-demand tissues.

Our investigation highlights that the young plasma-derived
sEVs exhibit potent biological regulatory functions in reversing
aging-related deficits and degeneration by enhancing PGC-1la-
mediated mitochondrial energy metabolism. However, beyond ag-
ing, this study may also provide further insights and directions for
aging-related diseases, especially ED.

First, certain miRNAs have been shown to be abnormally elevat-
ed in the circulatory system of ED patients, indicating their poten-
tial roles in regulating the onset and progression of ED.” Moreover,
multiple recent studies have reported a range of miRNAs capable
of reversing ED symptoms through various mechanisms.?® Nev-
ertheless, the upstream origins of these ED-associated miRNAs
remain largely unknown. More importantly, the mechanisms de-
scribed tend to focus on diabetic ED and do not explore the specif-
ic association with aging. Notably, mitochondrial dysfunction has
been identified as a key contributor to the onset and progression of
ED,'%!" and the PGC-1a-related signaling pathway has also been
implicated in the pathophysiology of ED.'> These studies suggest
that targeting aging-induced mitochondrial dysfunction and PGC-
lo could be a valuable approach to reversing the progression of
ED. Based on our results presented in Nature Aging, we hypothe-
size that ED patients may exhibit disruptions in the miRNA profile
in plasma-derived sEVs, leading to mitochondrial dysfunction and
contributing to the onset and progression of ED. Furthermore, the
utilization of small extracellular vesicles from young plasma may
represent a novel therapeutic strategy for treating ED, based on its
positive regulation of mitochondrial function and the subsequent
reversal of aging-related tissue degeneration. Additionally, beyond
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Table 1. Potential targets and related mechanisms in the young plasma-derived small extracellular vesicle-based erectile dysfunction therapy

Targets Mechanisms References
NO/cGMP pathway Injury in corpus cavernosum endothelium cells 13

Type | collagen, more flexible Type IlI Tunica albuginea injury 14
collagen, elastin

Sirtuin 1, Klotho, fibroblast growth factor 21 Arterial vascular impairment 15

nNOS- and GFRa2-positive neurons Impacts on neuroplasticity of cavernous nerves 16
Testosterone, eNOS Hormonal imbalances in sexual function 17

Vitamin D Induction of endothelial dysfunction, diabetes, hypertension, 18

hypercholesterolemia, chronic kidney disease, and gonadal dysfunction

cGMP, cyclic Guanosine Monophosphate; eNOS, endothelial Nitric Oxide Synthase; GFRa2, Glial cell line-derived Neurotrophic Factor Receptor Alpha 2; NO, Nitric Oxide; nNOS,

neuronal Nitric Oxide Synthase.

PGC-10, a range of crucial functional molecules and adaptors may
also serve as potential therapeutic targets in the young plasma-de-
rived sEV-based ED therapy, as summarized in Table 1.13-18
However, several points need to be highlighted before translat-
ing this hypothesis into clinical practice. Firstly, the plasma-derived
sEVs-contained miRNAs from young individuals need to be se-
quenced and filtered to identify the crucial functional miRNAs. This
will involve advanced bioinformatics analysis to uncover patterns
and differences that could be pivotal in understanding the therapeu-
tic potential of SEVs. Furthermore, both in vivo and in vitro experi-
ments are required to verify the therapeutic effect of young sEVs on
ED. These experiments should be designed with rigorous scientific
methodology to ensure the reproducibility and validity of the find-
ings. In addition, the internal mechanisms need to be fully explored.
This includes understanding how sEVs interact with the cellular
environment and the specific pathways they may influence in ED

;“ young plasma

Small extracellular vesicles

pathology. Advanced imaging techniques and molecular biology
assays could be employed to elucidate these mechanisms. Looking
ahead, the integration of nanotechnology and precision medicine
could offer novel approaches for delivering sEVs more effectively
and targeting specific cells or tissues within the body. This could
lead to personalized treatment strategies for ED, tailored to an indi-
vidual’s unique genetic and physiological profile.

We hope our study and this opinion article serve as inspiration
for further investigations into the therapeutic potential of young
plasma-derived sEVs for treating ED. We anticipate that future re-
search will not only validate our findings but also expand upon
them, leading to the development of innovative therapeutics. We
expect this research direction will provide new ideas and hope for
overcoming the clinical challenge of ED, potentially revolutioniz-
ing the way we approach and treat this condition. The graphical ab-
stract is summarized in Figure 1, which illustrates the mechanism

PGC-1a -mediated mitochondrial
energy metabollsm enhancement

g

ED alleviation

Fig. 1. The mechanism of the potential novel therapeutic for treating ED by utilizing small extracellular vesicles from young plasma. ED, erectile dysfunc-
tion; PGC-1a, Peroxisome Proliferator-Activated Receptor Gamma Coactivator 1 Alpha.
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of the potential novel therapeutic for treating erectile dysfunction
using small extracellular vesicles from young plasma.

Acknowledgments

None.

Funding

This work was funded by the Natural Science Foundation for Young
Scholars from Jiangsu Province (BK20241691); Zhongda Hospital
Affiliated to Southeast University, Jiangsu Province High-Level
Hospital Construction Funds (GSP-ZXY17); and Southeast Uni-
versity Affiliated Zhongda Hospital Youth Talent Research Launch
Fund (CZXM-GSP-RC63).

Conflict of interest

The authors declare that no conflict of interest exists in this study.

Author contributions

Conception (TL, XC, MC), discussion of the core scientific idea
(TL, XC, MC), drafting, and revision (TL, XC, MC). All authors
agreed on the final version of this manuscript.

References

[1] Ayta IA, McKinlay JB, Krane RJ. The likely worldwide increase in
erectile dysfunction between 1995 and 2025 and some possible
policy consequences. BJU Int 1999;84(1):50-56. doi:10.1046/j.1464-
410x.1999.00142.x, PMID:10444124.

[2] Ponholzer A, Temml C, Mock K, Marszalek M, Obermayr R, Maders-
bacher S. Prevalence and risk factors for erectile dysfunction in 2869
men using a validated questionnaire. Eur Urol 2005;47(1):80-5, dis-
cussion 85-6. doi:10.1016/j.eururo.2004.08.017, PMID:15582253.

[3] Nicolosi A, Glasser DB, Kim SC, Marumo K, Laumann EO, GSSAB
Investigators’ Group. Sexual behaviour and dysfunction and help-
seeking patterns in adults aged 40-80 years in the urban population
of Asian countries. BJU Int 2005;95(4):609-614. doi:10.1111/j.1464-
410X.2005.05348.x, PMID:15705089.

[4] Chen X, LuoY, Zhu Q, Zhang J, Huang H, Kan Y, et al. Small extracellular
vesicles from young plasma reverse age-related functional declines by
improving mitochondrial energy metabolism. Nat Aging 2024;4(6):814—
838. doi:10.1038/543587-024-00612-4, PMID:38627524.

[5] Martinez-Redondo V, Pettersson AT, Ruas JL. The hitchhiker’s guide
to PGC-1a isoform structure and biological functions. Diabetologia
2015;58(9):1969-1977. doi:10.1007/s00125-015-3671-z, PMID:261
09214.

[6] Liang H, Ward WF. PGC-lalpha: a key regulator of energy me-

216

LiT. et al: Young sEVs for treating ED: new insights and hope

tabolism. Adv Physiol Educ 2006;30(4):145-151. doi:10.1152/ad-
van.00052.2006, PMID:17108241.

[7]1 Agullé L, Segura A, Ortufio-Miquel S, Brinca AT, Micol-Ponce R, Ar-
rarte V, et al. Circulating miRNA-21 is an innovative biomarker for
cardiovascular events in erectile dysfunction patients. Front Car-
diovasc Med 2024;11:1301925. doi:10.3389/fcvm.2024.1301925,
PMID:38576420.

[8] Li B, Hu P, Liu K, Xu W, Wang J, Li Q, et al. MiRNA-100 ameliorates
diabetes mellitus-induced erectile dysfunction by modulating au-
tophagy, anti-inflammatory, and antifibrotic effects. Andrology
2024;12(6):1280-1293. doi:10.1111/andr.13586, PMID:38227138.

[9] Li G, Jiang L, Bai K, Tan G. MicroRNA-503-5p protects streptozo-
tocin-induced erectile dysfunction in diabetic rats by downregu-
lating SYDE2. Cell Mol Biol (Noisy-le-grand) 2024;70(3):48-53.
doi:10.14715/cmb/2024.70.3.7, PMID:38650154.

[10] ZhaiJ, Chen Z, Chen P, Yang W, Wei H. Adipose Derived Mesenchymal
Stem Cells-Derived Mitochondria Transplantation Ameliorated Erectile
Dysfunction Induced by Cavernous Nerve Injury. World J Mens Health
2024;42(1):188-201. doi:10.5534/wjmh.220233, PMID:37382278.

[11] Xi Y, Feng Z, Xia T, Hong Y, Wu J, Chen J, et al. Caveolin-1 scaffold-
ing domain-derived peptide enhances erectile function by regulating
oxidative stress, mitochondrial dysfunction, and apoptosis of corpus
cavernosum smooth muscle cells in rats with cavernous nerve inju-
ry. Life Sci 2024;348:122694. doi:10.1016/].1fs.2024.122694, PMID:
38718855.

[12] Pereira AS, Gouveia AM, Tomada N, Rodrigues AR, Neves D. Cumu-
lative Effect of Cardiovascular Risk Factors on Regulation of AMPK/
SIRT1-PGC-1a-SIRT3 Pathway in the Human Erectile Tissue. Oxid
Med Cell Longev 2020;2020:1525949. doi:10.1155/2020/1525949,
PMID:32377289.

[13] Angulo J, Gonzélez-Corrochano R, Cuevas P, Fernandez A, La Fuente
JM, RoloF, et al. Diabetes exacerbates the functional deficiency of NO/
cGMP pathway associated with erectile dysfunction in human corpus
cavernosum and penile arteries. J Sex Med 2010;7(2 Pt 1):758-768.
doi:10.1111/j.1743-6109.2009.01587.x, PMID:19912487.

[14] Shafik A, Shafik I, El Sibai O, Shafik AA. On the pathogenesis of penile
venous leakage: role of the tunica albuginea. BMC Urol 2007;7:14.
doi:10.1186/1471-2490-7-14, PMID:17803807.

[15] Jia G, Aroor AR, Jia C, Sowers JR. Endothelial cell senescence in aging-
related vascular dysfunction. Biochim Biophys Acta Mol Basis Dis
2019;1865(7):1802-1809. doi:10.1016/j.bbadis.2018.08.008, PMID:
31109450.

[16] Hisasue S, Kato R, Suetomi T, Kato K, Suzuki K, Kobayashi K, et al.
Age-related alteration of neurturin receptor GFRa2 and nNOS in pel-
vic ganglia. Neurobiol Aging 2006;27(10):1524-1530. doi:10.1016/j.
neurobiolaging.2005.07.016, PMID:16140423.

[17] Vinay J, Sarquella J, Sanchez J, Algaba F, Gallegos |, Ruiz-Castafie E,
et al. Adipocyte accumulation in corpus cavernosum: First clinical
evidence and pathophysiological implications in erectile dysfunction.
Actas Urol Esp 2017;41(2):97-102. doi:10.1016/j.acuro.2016.05.007,
PMID:27496771.

[18] Crafa A, Cannarella R, Barbagallo F, Leanza C, Palazzolo R, Flores HA,
et al. Mechanisms Suggesting a Relationship between Vitamin D and
Erectile Dysfunction: An Overview. Biomolecules 2023;13(6):930.
doi:10.3390/biom13060930, PMID:37371510.

DOI: 10.14218/ERHM.2024.00028 | Volume 10 Issue 3, July 2025


https://doi.org/10.14218/ERHM.2024.00028
https://doi.org/10.1046/j.1464-410x.1999.00142.x
https://doi.org/10.1046/j.1464-410x.1999.00142.x
http://www.ncbi.nlm.nih.gov/pubmed/10444124
https://doi.org/10.1016/j.eururo.2004.08.017
http://www.ncbi.nlm.nih.gov/pubmed/15582253
https://doi.org/10.1111/j.1464-410X.2005.05348.x
https://doi.org/10.1111/j.1464-410X.2005.05348.x
http://www.ncbi.nlm.nih.gov/pubmed/15705089
https://doi.org/10.1038/s43587-024-00612-4
http://www.ncbi.nlm.nih.gov/pubmed/38627524
https://doi.org/10.1007/s00125-015-3671-z
http://www.ncbi.nlm.nih.gov/pubmed/26109214
http://www.ncbi.nlm.nih.gov/pubmed/26109214
https://doi.org/10.1152/advan.00052.2006
https://doi.org/10.1152/advan.00052.2006
http://www.ncbi.nlm.nih.gov/pubmed/17108241
https://doi.org/10.3389/fcvm.2024.1301925
http://www.ncbi.nlm.nih.gov/pubmed/38576420
https://doi.org/10.1111/andr.13586
http://www.ncbi.nlm.nih.gov/pubmed/38227138
https://doi.org/10.14715/cmb/2024.70.3.7
http://www.ncbi.nlm.nih.gov/pubmed/38650154
https://doi.org/10.5534/wjmh.220233
http://www.ncbi.nlm.nih.gov/pubmed/37382278
https://doi.org/10.1016/j.lfs.2024.122694
http://www.ncbi.nlm.nih.gov/pubmed/38718855
https://doi.org/10.1155/2020/1525949
http://www.ncbi.nlm.nih.gov/pubmed/32377289
https://doi.org/10.1111/j.1743-6109.2009.01587.x
http://www.ncbi.nlm.nih.gov/pubmed/19912487
https://doi.org/10.1186/1471-2490-7-14
http://www.ncbi.nlm.nih.gov/pubmed/17803807
https://doi.org/10.1016/j.bbadis.2018.08.008
http://www.ncbi.nlm.nih.gov/pubmed/31109450
https://doi.org/10.1016/j.neurobiolaging.2005.07.016
https://doi.org/10.1016/j.neurobiolaging.2005.07.016
http://www.ncbi.nlm.nih.gov/pubmed/16140423
https://doi.org/10.1016/j.acuro.2016.05.007
http://www.ncbi.nlm.nih.gov/pubmed/27496771
https://doi.org/10.3390/biom13060930
http://www.ncbi.nlm.nih.gov/pubmed/37371510

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


