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17

Overview 18

Autophagy is a lysosomal degradative pathway which plays important roles in innate immunity 19 against bacterial pathogens (1). Autophagy enables autophagosomes to engulf and deliver 20 intracellular pathogens to the lysosomes for degradation. In addition, autophagy is implicated in the 21 regulation of inflammation by modulating cytokine production. Not surprisingly, bacterial pathogens 22 have developed multiple strategies to manipulate autophagy in order to survive inside the host [START_REF] Bah | Macrophage Autophagy and Bacterial Infections[END_REF]. 23

Although our knowledge of the interplay between bacterial pathogens and autophagy has 24 considerably improved in the past fifteen years, many questions remain. In this Research Topic, we 25 have assembled several research articles and reviews that respond to some of those questions in 26 regard to the host and bacterial factors involved in autophagy regulation, the crosstalk between 27 autophagy and other host defense mechanisms, and the manipulation of autophagy for host-directed 28 therapies. 29

Autophagy as a host defense mechanism 30

The role of autophagy in innate immunity is well conserved across eukaryotic kingdoms. Several 31 vertebrate models such as mice and zebrafish have been essential for our understanding of the role 32 of autophagy, in vivo, in bacterial infection [START_REF] Levine | Autophagy in immunity and inflammation[END_REF][START_REF] Munoz-Sanchez | Autophagy and Lc3-95 Associated Phagocytosis in Zebrafish Models of Bacterial Infections[END_REF] the specific role of autophagy in such cells was not elucidated [START_REF] Mulcahy | Manipulation of Autophagy and Apoptosis Facilitates Intracellular Survival of 124 Staphylococcus aureus in Human Neutrophils[END_REF]. Importantly, the last stage of 65 autophagy is blocked in both phagocytes and non-phagocytes. Overall, these findings bring novel 66 molecular insights on how diverse bacterial pathogens can avoid or, in contrast, use autophagy to 67 persist and flourish in their host. 68

Autophagy as a target for host-directed therapies 69

With the continuous rise of bacterial multidrug resistance, alternative approaches to combat such 70 pathogens has become a top priority. One promising avenue is to boost host immune responses 71 including autophagy. This approach is particularly relevant for pathogens that are susceptible to 72 autophagy such as M. tuberculosis [START_REF] Kilinc | Host-directed therapy to 126 combat mycobacterial infections[END_REF] 

  Both processes appear to be connected by two key 39 kinases, mTOR and AMPK, which regulate TFEB, a central transcriptional factor of autophagy and 40 lysosome machinery. A central role of mTOR in immune responses was further highlighted by Etna et 41 al. who found that rapamycin, an mTOR inhibitor and autophagy activator, modulates expression of 42 regulatory cytokines in Mycobacterium tuberculosis-infected dendritic cells (7). Lastly, Gauron et al.

	. Recently, the yellow mealworm beetle (Tenebrio molitor) model has also been developed to study Listeria monocytogenes infection (Jo et al.) (5). In this model, authors have found a possible dialogue between autophagy and the NF-B pathway as unveiled an important function of another kinase PKC which inhibits autophagy in the context of Staphylococcus aureus (8). Besides kinases, microRNAs extensively regulate bacterial autophagy (9). Liu et al. found that microRNA-106a dampens autophagy by repressing ULK1, ATG7 and ATG16L1 during mycobacterial infection (10). Taken together, these articles underscore the multiple roles of host kinases and microRNAs in autophagy regulation and their dialogue with other host defense mechanisms. Autophagy manipulation by bacterial pathogens Several intracellular bacterial pathogens can evade autophagy including M. tuberculosis, L. monocytogenes and Salmonella typhimurium (2). However, the underlying molecular mechanisms are not fully characterized. Zhou et al. found that Salmonella SpvC blocks autophagosome formation through its phosphothreonine lyase activity (11). Interestingly, Rao et al. observed a reduction of TFEB and lysosomal expression during Salmonella infection of macrophages, possibly through caspase-1 activation (12). Whether SpvC is implicated in that process remains to be investigated. In contrast to Salmonella, other bacterial pathogens exploit autophagy to persist and proliferate in host observed by others 43 33 34 35 44 45 46 47 48 49 50 51 52 53 54 55 56 57 cells.

in mammalian cells. Autophagy is well known to extensively crosstalk with other 36 innate immune responses including the inflammasome and type I interferon-mediated responses (1). 37 In this Research Topic Paik et al. review the relationship between autophagy and immunometabolism in defense against mycobacterial infection (6). Patterson et al. review our current knowledge of the interplay between autophagy and 58 Anaplasmataceae (13). Members of this family exploit autophagy to acquire nutrients while avoiding 59 lysosomal degradation. Interestingly, Bechelli et al. report that Rickettsia australis triggers Atg5-60 dependent autophagy to suppress inflammatory cytokines at both transcriptional and post-61 transcriptional levels, which favors pathogen survival (14). In non-phagocytic cells, autophagy is 62 essential for intracellular survival of Staphylococcus aureus (Gauron et al.) (8). Mulcahy et al. found 63 that S. aureus intracellular survival also requires autophagy in primary human neutrophils, although, 64

  Overall, this Research Topic highlights the intricate interplay between autophagy and various 84 bacterial pathogens. A better understanding of the role and regulation of autophagy in various 85 cellular niches and relevant animal models, as well as its crosstalk with other host defense 86 mechanisms is essential if one wants to harness autophagy for therapeutic purposes. 87

	73	. Strong et al. discuss in depth the opportunities and
	74	limitations of autophagy-based therapies against mycobacterial infections (17). The authors have
	75	compiled a list of autophagy-inducing compounds that have been tested on cellular and animal
	76	models of mycobacterial infection. Notably, some, if not all of these compounds may also modulate
	77	other immune responses as Paik et al. and Etna et al. have pointed out (6,7). Thus, a comprehensive
	78	analysis of the immune responses to infection after treatment with autophagy-inducing molecules
	79	may be extremely informative. Importantly, the involvement of autophagy in the control of bacterial
	80	infections should be evaluated in detail using in vivo models. In conclusion, autophagy appears to be
	81	a promising target for treating mycobacterial infections and, thus, it would be worth examining its
	82	potential in the context of other bacterial infections.
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