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Extracellular Vesicles: Bidirectional Accelerators of Cellular
Senescence in Fibrosis?

Aging is major risk factor for idiopathic pulmonary fibrosis
(IPF) (1). Among the many hallmarks of aging biology,
cellular senescence has emerged as a key driver of this
fibrotic lung disease, and targeted therapies are in clinical
development (2, 3). Myofibroblasts are the known effector
cells of IPF; these cells are transiently activated to function
in normal tissue repair and wound healing but become
senescent and apoptosis resistant in progressive fibrotic diseases
such as IPF (4).

Alveolar epithelial type II cells (AT2) serve essential
regenerative functions in the alveolus to maintain lung homeostasis.
A number of factors may contribute to AT2 death and dysfunction,
including both environmental and intrinsic properties, such as
aging (5). AT2 cell senescence has been linked to mitochondrial
dysfunction (6). A deficiency in SIRT3 (mitochondrial sirtuin)

has been implicated in the promotion of lung fibrosis by
inducing AT2 apoptosis (7) or inducing myofibroblast
differentiation (8). However, the impact of cross-talk between
AT2 cells and myofibroblasts in the perpetuation of
senescence among these cell compartments has not been
well defined.

In this issue of the Journal, Kadota and colleagues
(pp. 623–636) identified a novel mode of extracellular vesicle (EV)
cargo-mediated fibroblast-to-epithelial cross-talk in lungs
that accelerates epithelial cell senescence in IPF (9). Though EVs are
known paracrine mediators of cell–cell signaling, this study
demonstrates that IPF-lung fibroblast-derived EV can transfer miR-
23b-3p and miR-494–3p to lung epithelial cells; these microRNAs
(miRNAs) repress SIRT3 and induce production of mitochondrial
reactive oxygen species, accumulation of dysfunctional mitochondria,
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Figure 1. Extracellular vesicle (EV)-mediated induction of alveolar epithelial senescence. Idiopathic pulmonary fibrosis lung fibroblast–derived EVs
containing miR-23b-3p or miR-494–3p can induce alveolar epithelial cell senescence via suppression of SIRT3 (mitochondrial sirtuin), as reported
by Kadota and colleagues. Bidirectional signaling by EVs may also facilitate transfer of bioactive cargo, including functionally active mitochondria.
IPF= idiopathic pulmonary fibrosis; miR=microRNA; ROS= reactive oxygen species; UTR=untranslated region.
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and DNA damage response and enhance cellular senescence, as
depicted in Figure 1. Furthermore, Kadota and colleagues establish
a causal link between SIRT3, a member of the sirtuin family of
nicotinamide adenine dinucleotide (NAD)-dependent deacetylases,
localized in the mitochondrial inner membrane and matrix, and
EV-induced cellular senescence. They demonstrate that the SIRT3
39 untranslated region (UTR) has binding sites for these miRNAs,
thus facilitating suppression of SIRT3 expression and promoting
cellular senescence by direct targeting of SIRT3. IPF lung tissues
showed reduced expression of SIRT3 in fibrotic lesions and
higher expression of miR-23b-3p and miR-494–3p compared
with non-IPF controls. Furthermore, the expression levels of the
miRNAs in lung fibroblast-derived EVs correlated with lung function
of the donor, suggesting a pathogenic role for these miRNAs and
epithelial senescence in the development and/or progression of IPF.

Paracrine mediators of pulmonary fibrosis, including
reactive oxygen species, TGF-b, and WNT family ligands,
may be produced by both epithelial cells and fibroblasts.
Several of these signaling molecules facilitate cross-talk
by bidirectional epithelial cell–fibroblast interactions in
pulmonary fibrosis (10). EVs have long been recognized
as efficient facilitators of cell–cell signaling and cellular
reprogramming by transfer of bioactive cargo, including
miRNA, mRNA, and lipids (11). Recent studies have highlighted the
paracrine and autocrine roles of EV-associated extracellular matrix
in lung fibroblast invasion, a critical event in the pathogenesis of
fibrotic diseases such as IPF (12). Though the fibrotic program is
conventionally thought to be triggered by the injured epithelium,
studies reported here by Kadota and colleagues support EV signaling
from fibroblasts to AT2 cells. Interestingly, there is strong evidence
for functional components of mitochondria in EVs, suggesting
a role in redox signaling (13–15). Although intercellular
transfer of mitochondria has been suggested to be a
mechanism for repair of stressed, bioenergetically deprived
cells, such transfer may also function to promote cellular senescence
in IPF, as postulated in Figure 1. Understanding how EV-mediated
transfer of miRNA as well as mitochondria concurrently propagate
IPF pathology may be helpful in the development of novel
therapeutic strategies. Furthermore, the upstream mechanisms
that initiate this EV-mediated cell–cell cross-talk is currently
unknown; elucidating how this process is instigated may lead
to viable therapeutic strategies. Additionally, unanswered
questions surrounding the role of immune cells in the
propagation and clearance of senescent cells and the feedback
loop between myofibroblasts and senescent alveolar epithelial
cells remain. n

Author disclosures are available with the text of this article at
www.atsjournals.org.

Kayla F. Goliwas, Ph.D.
Jessy S. Deshane, Ph.D.
Department of Medicine
University of Alabama at Birmingham
Birmingham, Alabama

ORCID IDs: 0000-0002-6930-6636 (K.F.G.); 0000-0002-6761-5662 (J.S.D.).

References

1. Budinger GRS, Kohanski RA, Gan W, Kobor MS, Amaral LA, Armanios
M, et al. The intersection of aging biology and the pathobiology of lung
diseases: a joint NHLBI/NIA workshop. J Gerontol A Biol Sci Med Sci
2017;72:1492–1500.

2. Hecker L, Logsdon NJ, Kurundkar D, Kurundkar A, Bernard K, Hock T,
et al. Reversal of persistent fibrosis in aging by targeting Nox4-Nrf2
redox imbalance. Sci Transl Med 2014;6:231ra47.

3. Schafer MJ, White TA, Iijima K, Haak AJ, Ligresti G, Atkinson EJ,
et al. Cellular senescence mediates fibrotic pulmonary disease. Nat
Commun 2017;8:14532.

4. Horowitz JC, Thannickal VJ. Mechanisms for the resolution of organ
fibrosis. Physiology (Bethesda) 2019;34:43–55.

5. Thannickal VJ, Zhou Y, Gaggar A, Duncan SR. Fibrosis: ultimate and
proximate causes. J Clin Invest 2014;124:4673–4677.

6. Bueno M, Lai YC, Romero Y, Brands J, St Croix CM, Kamga C, et al.
PINK1 deficiency impairs mitochondrial homeostasis and promotes
lung fibrosis. J Clin Invest 2015;125:521–538.

7. Jablonski RP, Kim SJ, Cheresh P, Williams DB, Morales-Nebreda L,
Cheng Y, et al. SIRT3 deficiency promotes lung fibrosis by
augmenting alveolar epithelial cell mitochondrial DNA damage and
apoptosis. FASEB J 2017;31:2520–2532.

8. Bindu S, Pillai VB, Kanwal A, Samant S, Mutlu GM, Verdin E, et al. SIRT3
blocks myofibroblast differentiation and pulmonary fibrosis by
preventing mitochondrial DNA damage. Am J Physiol Lung Cell Mol
Physiol 2017;312:L68–L78.

9. Kadota T, Yoshioka Y, Fujita Y, Araya J, Minagawa S, Hara H, et al.
Extracellular vesicles from fibroblasts induce epithelial-cell senescence
in pulmonary fibrosis. Am J Respir Cell Mol Biol 2020;63:623–636.

10. Horowitz JC, Thannickal VJ. Epithelial-mesenchymal interactions
in pulmonary fibrosis. Semin Respir Crit Care Med 2006;27:
600–612.
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