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Editorial on the Research Topic
The role of autophagy in infectious diseases, volume ||

Autophagy is an intracellular catabolic process that sequesters and degrades cytosolic
components to maintain cellular homeostasis under stress conditions (Dikic and Elazar,
2018). Based on the mechanisms by which cellular materials are delivered to lysosomes,
autophagy is primarily classified into three types: macroautophagy, microautophagy, and
chaperone-mediated autophagy (CMA) (Boya et al., 2013). Macroautophagy, the main
autophagic pathway, involves the formation of double-membraned autophagosomes. This
process is initiated by a set of evolutionarily conserved autophagy-related (ATG) proteins,
including the ULK1 complex, Beclin-1, and ATG8/LC3 family proteins in the cytosol.
Autophagosomes engulf damaged organelles, protein aggregates, or pathogens and
subsequently fuse with lysosomes for degradation and recycling of their contents. When
specifically targeting pathogens, macroautophagy is termed xenophagy (Sharma et al.,
2018). Upon exposure to the cytosol, pathogens are recognized by adapter proteins such as
p62/SQSTMI and optineurin (Optn), which bind to ubiquitinated microbial proteins and
recruit autophagy-related proteins like LC3 to initiate autophagosome formation around
the invader (Zheng et al., 2009; Wild et al., 2011). The encapsulation and subsequent
degradation of pathogens within autolysosomes restrict intracellular microbial replication,
establishing xenophagy as a crucial host defense mechanism.

Besides clearing intracellular pathogens, autophagy intersects with the immune system
at various stages, shaping both innate and adaptive responses. Alterations in autophagic
pathways have been linked to inflammatory conditions, including autoimmune disorders
and neurodegenerative diseases (Deretic, 2021). By delivering pathogen-derived antigens to
major histocompatibility complex (MHC) molecules for antigen presentation, autophagy
participates in the adaptive immune response (Schmid et al., 2007), while regulation of pro-
inflammatory cytokine production contributes to modulate the inflammatory response
(Deretic, 2021). Meanwhile, macroautophagy itself is a tightly regulated process, primarily
modulated by the kinase mammalian target of rapamycin (mTOR), which integrates signals
from various pathways. One well-studied regulatory pathway is the phosphatidylinositol 3-
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kinase (PI3K)/AKT cascade, which can be activated by ligand-
receptor interactions at the cell membrane to modulate autophagy
(Glaviano et al., 2023).

As aforementioned, autophagy plays a vital role in defending
against intracellular pathogens. Nonetheless, many pathogens have
evolved sophisticated strategies to evade or subvert autophagy, such
as inhibiting autophagosome formation or preventing their
maturation into autolysosomes. This Research Topic collects a
series of research articles and reviews on recent advances in
understanding the interactions between autophagy and bacterial
or viral pathogens.

Mycobacterium marinum (Mm), a nontuberculous
mycobacterium, causes a systemic TB-like disease in zebrafish.
When Mm invades the cytosol, its surface proteins become
ubiquitinated and are recognized by sequestosome 1-like
receptors (SLRs). Previous studies indicated that two SLRs, Optn
and p62, are important for innate host defense in zebrafish during
mycobacterial infection. DNA damage regulated autophagy
modulator 1 (Draml) is a stress-inducible protein that regulates
autophagy and has been shown a protective role against Mm in
zebrafish. The research article by Xie et al. further investigated the
complementarity and functional differences between Optn and p62,
and interdependency between the two SLRs and Draml. The
authors demonstrated that overexpression of Optn, p62, or
Draml each can rescue phenotypes of other mutants, suggesting
that Optn, p62, and Draml function independently in the anti-
mycobacterial xenophagy pathway.

Autophagic activity is regulated by multiple signaling pathways,
such as the PI3K/AKT/mTOR axis. A research article by Zhang
et al. revealed that during infectious bursal disease virus (IBDV)
infection, autophagy is regulated via the PI3K/AKT/FoxOl
pathway. IBDV causes massive destruction of B lymphocytes in
the bursa of Fabricius in chickens, leading to infectious bursal
disease. The authors found that IBDV infection upregulates the
expression of programmed death-1 (PD-1), an immunoinhibitory
receptor, which in turn induces autophagy through the PI3K/AKT/
FoxO1 pathway to promote viral replication. This work unveils a
novel link between the immune system, autophagy, and
viral infection.

Although autophagy serves as an important host defense
mechanism against intracellular pathogens, many bacteria have
evolved strategies to evade or manipulate it to promote their own
replication and persistence. Two review articles by Zhang et al. and
Pavlik et al. summarized recent advances in understanding how
bacterial pathogens interact with autophagy. As discussed by Zhang
et al., autophagy may play a dual role during Chlamydia trachomatis
infection: while the pathogen can induce autophagy to acquire
nutrients and maintain host cell homeostasis, the fusion of
autophagosomes with lysosomes inhibits its proliferation. To
counteract host autophagy, many bacterial pathogens secrete
effector proteins that block autophagosome formation or inhibit
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autophagosome-lysosome fusion. Pavlik et al. first provided a
comprehensive overview of how effector proteins from more than
a dozen pathogens, including Salmonella, Shigella, and Legionella,
modulate the autophagic pathway. They then detailed the
interaction between Francisella tularensis and host cells. The
highly virulent strain F. tularensis subsp. tularensis SchuS4 evades
ATG5-dependent autophagy while inducing ATG5-independent
autophagy to increase intracellular pools of host amino acids,
which are utilized as a carbon and energy source. Both reviews
indicate the dual role of autophagy—acting both as a defense
mechanism and as a resource exploited by intracellular pathogens
like C. trachomatis and F. tularensis.

Collectively, this Research Topic provides updated knowledge
on the interplay between host autophagy and pathogens. Further
studies are needed to understand the precise role of autophagy in
some bacterial infections, and the crosstalk between the immune
system and autophagy in pathogenic infections.

Author contributions

HN: Writing — original draft, Writing — review & editing. MH:
Writing - original draft, Writing — review & editing. JP: Writing -
original draft, Writing - review & editing.

Conflict of interest

The authors declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2023.1331818/full
https://doi.org/10.3389/fimmu.2025.1585012
https://doi.org/10.3389/fimmu.2025.1585012
https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2024.1442995/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2024.1523597/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2024.1442995/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2024.1442995/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology/articles/10.3389/fcimb.2024.1523597/full
https://doi.org/10.3389/fcimb.2025.1764139
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Niu et al.

References

Boya, P., Reggiori, F., and Codogno, P. (2013). Emerging regulation and functions of
autophagy. Nat. Cell Biol. 15, 713-720. doi: 10.1038/ncb2788

Deretic, V. (2021). Autophagy in inflammation, infection, and immunometabolism.
Immunity 54, 437-453. doi: 10.1016/j.immuni.2021.01.018

Dikic, I., and Elazar, Z. (2018). Mechanism and medical implications of
mammalian autophagy. Nat. Rev. Mol. Cell Biol. 19, 349-364. doi: 10.1038/
$41580-018-0003-4

Glaviano, A., Foo, A. S. C., Lam, H. Y., Yap, K. C. H,, Jacot, W, Jones, R.
H., et al. (2023). PI3K/AKT/mTOR signaling transduction pathway and
targeted therapies in cancer. Mol. Cancer 22, 138. doi: 10.1186/s12943-
023-01827-6

Frontiers in Cellular and Infection Microbiology

03

10.3389/fcimb.2025.1764139

Schmid, D., Pypaert, M., and Munz, C. (2007). Antigen-loading compartments for
major histocompatibility complex class IT molecules continuously receive input from
autophagosomes. Immunity 26, 79-92. doi: 10.1016/j.immuni.2006.10.018

Sharma, V., Verma, S,, Seranova, E,, Sarkar, S., and Kumar, D. (2018). Selective autophagy
and xenophagy in infection and disease. Front. Cell Dev. Biol. 6. doi: 10.3389/fcell.2018.00147

Wild, P., Farhan, H., Mcewan, D. G., Wagner, S., Rogov, V. V., Brady, N. R, et al.
(2011). Phosphorylation of the autophagy receptor optineurin restricts Salmonella
growth. Science 333, 228-233. doi: 10.1126/science.1205405

Zheng, Y. T., Shahnazari, S., Brech, A., Lamark, T., Johansen, T., and Brumell, J. H.
(2009). The adaptor protein p62/SQSTMI targets invading bacteria to the autophagy
pathway. J. Immunol. 183, 5909-5916. doi: 10.4049/jimmunol.0900441

frontiersin.org


https://doi.org/10.1038/ncb2788
https://doi.org/10.1016/j.immuni.2021.01.018
https://doi.org/10.1038/s41580-018-0003-4
https://doi.org/10.1038/s41580-018-0003-4
https://doi.org/10.1186/s12943-023-01827-6
https://doi.org/10.1186/s12943-023-01827-6
https://doi.org/10.1016/j.immuni.2006.10.018
https://doi.org/10.3389/fcell.2018.00147
https://doi.org/10.1126/science.1205405
https://doi.org/10.4049/jimmunol.0900441
https://doi.org/10.3389/fcimb.2025.1764139
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Editorial: The role of autophagy in infectious diseases, volume II
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


