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ABSTRACT 23 

The immune response to Mycobacterium tuberculosis infection determines tuberculosis disease outcomes, yet we 24 

have an incomplete understanding of what immune factors contribute to a protective immune response. 25 

Neutrophilic inflammation has been associated with poor disease prognosis in humans and in animal models 26 

during M. tuberculosis infection and, therefore, must be tightly regulated. ATG5 is an essential autophagy protein 27 

that is required in innate immune cells to control neutrophil-dominated inflammation and promote survival during 28 

M. tuberculosis infection, however, the mechanistic basis for how ATG5 regulates neutrophil recruitment is 29 

unknown. To interrogate what innate immune cells require ATG5 to control neutrophil recruitment during M. 30 

tuberculosis infection, we used different mouse strains that conditionally delete Atg5 in specific cell types. We 31 

found that ATG5 is required in CD11c+ cells (lung macrophages and dendritic cells) to control the production of 32 

proinflammatory cytokines and chemokines during M. tuberculosis infection, which would otherwise promote 33 

neutrophil recruitment. This role for ATG5 is autophagy-dependent, but independent of mitophagy, LC3-34 

associated phagocytosis, and inflammasome activation, which are the most well-characterized ways that 35 

autophagy proteins regulate inflammation. In addition to the increase in proinflammatory cytokine production 36 

during M. tuberculosis infection, loss of ATG5 in innate immune cells also results in an early induction of TH17 37 

responses. These findings reveal new roles for autophagy proteins in lung resident macrophages and dendritic 38 

cells that are required to suppress inflammatory responses that are associated with poor control of M. tuberculosis 39 

infection.  40 
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INTRODUCTION 46 

According to the World Health Organization, 10 million people fell ill with Mycobacterium tuberculosis infection 47 

and 1.5 million people died of tuberculosis (TB) in 2020, marking the first increase in TB-associated deaths in 48 

over a decade(1). Whether a person controls the initial M. tuberculosis infection or develops active TB disease is 49 

directly impacted by the type of immune response elicited in the infected individual(2). Therefore, better 50 

understanding of what constitutes a protective versus non-protective immune response to M. tuberculosis 51 

infection is critical for developing better therapies and prevention measures to fight this deadly disease. Genetic 52 

mouse models have provided invaluable insight into the immunological processes that are required for control of 53 

M. tuberculosis infection. Infection of mice through the aerosol route leads to phagocytosis of M. tuberculosis by 54 

alveolar macrophages, initiating an inflammatory response and recruitment of innate immune cells to the lung(2). 55 

M. tuberculosis replicates within these innate immune cells until antigen specific T cells traffic to the lung where 56 

they activate the innate immune cells to restrain M. tuberculosis replication and suppress inflammation. M. 57 

tuberculosis establishes a chronic infection in wild-type (WT) mice, which can survive for over a year with this 58 

infection. 59 

Atg5fl/fl-LysM-Cre mice, which delete the Atg5 gene specifically in macrophages, inflammatory 60 

monocytes, some dendritic cells (DCs), and neutrophils, are severely susceptible to M. tuberculosis infection(3–61 

5), highlighting ATG5 as a critical component of a protective immune response to M. tuberculosis. M. 62 

tuberculosis infected Atg5fl/fl-LysM-Cre mice fail to control bacterial replication and succumb to infection by 40 63 

days post-infection (dpi)(3–5). The uncontrolled M. tuberculosis replication is associated with an early (by 14 64 

dpi) and sustained influx of neutrophils to the lungs of the infected Atg5fl/fl-LysM-Cre mice. Depletion of 65 

neutrophils during M. tuberculosis infection in Atg5fl/fl-LysM-Cre mice extends their survival(3), demonstrating 66 

that the neutrophil-dominated inflammation contributed to their susceptibility. In general, higher abundances of 67 

neutrophils during M. tuberculosis infection have been associated with worse disease outcomes in mice (6–13) 68 

and humans (12, 14–17). Therefore, understanding the regulatory mechanisms that govern neutrophil recruitment 69 
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and accumulation during M. tuberculosis infection could be key for manipulating inflammatory responses to 70 

better control TB.  71 

ATG5 is required for the intracellular pathway of autophagy, a process by which cytoplasmic contents are 72 

targeted to the lysosome for degradation(18, 19). Initiation of autophagy involves phagophore formation from the 73 

endoplasmic reticulum, which is mediated by the ULK1 complex (ULK1/ULK2, ATG13, FIP200, ATG101) and 74 

the PI3 kinase complex (ATG14L, BECLIN1, VPS15, and VPS34)(20, 21). Elongation of the autophagosomal 75 

double membrane depends on two ubiquitin-like conjugation systems. In the first system, ATG12 is activated by 76 

ATG7, transferred to ATG10, and covalently attached to ATG5. The second ubiquitin-like component is LC3 77 

(microtubule-associated protein 1 light chain 3), which is conjugated to phosphatidylethanolamine, generating 78 

the membrane bound form called LC3-II through the actions of ATG7 and ATG3. ATG5-ATG12 facilitates LC3 79 

lipidation through its interactions with ATG3, while ATG16L1 specifies the localization of LC3 conjugation to 80 

the autophagosome membrane(18, 19, 21, 22). The autophagosome membrane is then completed and targeted for 81 

fusion with the lysosome, where the autophagosome cargo are degraded. However, ATG5 also functions outside 82 

of autophagy, including during M. tuberculosis infection(3), although these activities remain poorly understood. 83 

The mechanistic basis for how loss of ATG5 results in early and exagerated recruitment of neutrophils during M. 84 

tuberculosis infection and whether this activity for ATG5 involves autophagy remains unknown. 85 

In this manuscript, we dissect the role for ATG5 in regulating neutrophil recruitment and accumulation 86 

during M. tuberculosis infection. We find that ATG5 functions with other autophagy proteins in CD11c+ lung 87 

macrophages and DCs to limit proinflammatory responses that otherwise promote neutrophil influx to the lung 88 

early in M. tuberculosis infection. In addition, ATG5 is required in lung macrophages and DCs to limit IL-17A 89 

production from CD4+ T cells. Therefore, our studies reveal new roles for ATG5 and other autophagy proteins in 90 

regulating inflammatory responses during infection, which with further dissection could provide insight into 91 

pathways that may be targeted to effectively promote protective immune responses during TB.   92 

 93 
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MATERIALS AND METHODS 95 

Mice  96 

All flox mice (Atg5fl/lfl, Atg16l1fl/fl, Becn1fl/fl) used in this study have been described previously (3, 23, 24) and 97 

colonies are maintained in an enhanced barrier facility. LysM-Cre (Jax #004781), Cd11c-Cre (Jax #007567), 98 

Mrp8-Cre (Jax #021614) from the Jackson Laboratory were crossed to specific flox mice. Il17a-IRES-GFP-KI 99 

(Jax # 018472) reporter mice were bred to Atg5fl/fl-LysM-Cre and Atg5fl/fl mice to generate the Il17a-GFP/Atg5fl/fl-100 

LysM-Cre and Il17a-GFP/Atg5fl/fl lines. Rubicon-/- (Jax # 032581) mice were provided by Drs. Douglas Green 101 

and Jennifer Martinez (25). Caspase 1/11-/- (Jax #016621) were bred to Atg5fl/fl-LysM-Cre and Becn1fl/fl-LysM-102 

Cre mice. Parkin-/- (Jax # 006582)(26), Pink1-/- (Jax # 017946)(27) and WT control mice were provided by Dr. 103 

Jonathan Brestoff at Washington University School of Medicine. Male and female littermates (aged 6-12 weeks) 104 

were used and were subject to randomization. A minimum of 3 mice were used per experiment and each 105 

experiment was performed twice. Statistical consideration was not used to determine mouse sample sizes. The 106 

mice were housed and bred at Washington University in St. Louis in specific pathogen-free conditions in 107 

accordance with federal and university guidelines, and protocols were approved by the Animal Studies Committee 108 

of Washington University. 109 

 110 

Infection of mice with M. tuberculosis and measurement of bacterial burden in the lungs 111 

M. tuberculosis Erdman expressing GFP (10, 28) was used in all experiments except experiments with the Il-17a-112 

GFP/Atg5fl/fl-LysM-Cre reporter mice when WT Erdman was used. M. tuberculosis was cultured at 37°C in 7H9 113 

(broth) or 7H11 (agar) (Difco) medium supplemented with 10% oleic acid/albumin/dextrose/catalase (OADC), 114 

0.5% glycerol, and 0.05% Tween 80 (broth). Cultures of GFP expressing M. tuberculosis were grown in the 115 

presence of kanamycin (20g/mL) to ensure plasmid retention. M. tuberculosis cultures in logarithmic growth 116 

phase (OD600 = 0.5–0.8) were washed with PBS + 0.05% Tween-80, sonicated to disperse clumps, and diluted 117 

in sterile water before delivering 100 CFUs of aerosolized M. tuberculosis per lung using an Inhalation Exposure 118 

System (Glas-Col). Within 2 hours of each infection, lungs were harvested from at least two control mice, 119 
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homogenized, and plated on 7H11 agar to determine the input CFU dose. At 14 dpi, M. tuberculosis titers were 120 

determined by homogenizing the superior, middle, and inferior lobes of the right lung and plating serial dilutions 121 

on 7H11 agar. Colonies were counted after 3 weeks of incubation at 37°C in 5% CO2. 122 

 123 

Flow cytometry from infected lungs 124 

Lungs were perfused with sterile PBS and digested for 1 hour with 625µg/mL collagenase D (Roche 125 

11088875103) and 75U/mL DNase I (Sigma D4527). Cells were quenched with PBS + 2% heat-inactivated (HI)-126 

FBS, + 2mM EDTA and passed through a 70µM filter. Cells were suspended in PBS + 2% HI-FBS + 2mM EDTA 127 

in the presence of Fc receptor blocking antibody (BioLegend, 101302) and stained with antibodies at a 1:200 128 

dilution against the following mouse markers: CD11b_BV605 or PerCP-Cy5.5 (clone M1/70), CD45_AF700 129 

(BioLegend, 103259), Ly6G_PE-Cy7 or AF647 (clone 1A8), MHCII_Spark blue 550 (BioLegend, 107662), 130 

CD62L_Pe/Cy5 (BioLegend, 104410), CD44_BV510 (BioLegend, 103044), CD11c_PerCP (BioLegend, 131 

117325), Ly6C_BV605 (BioLegend, 128036), CD4_BV570 (clone RM4-5), TCRb_BV421 (clone H57-597), 132 

CD19_Pacific blue (Zombie-NIR (Biolegend, 423105), CD64_PerCP-eFluor 710 (eBiosciences, 46061482) and 133 

Mertk_PE/Cy7 (eBiosciences, 25575182). Cells were stained for 20 minutes at 4oC and then fixed in 4% 134 

paraformaldehyde (Electron Microscope Sciences) for 20 minutes at room temperature. Flow cytometry was 135 

performed on an LSR-Fortessa (BD Bioscience) or an Aurora (Cytek Biosciences, with 4 laser 16V-14B-10YG-136 

8R configuration) and analyzed using FlowJo software (Tree Star). Absolute cell counts were determined using 137 

Precision count beads (BioLegend) or volumetric-based counting on the Aurora. Gating strategies to identify 138 

neutrophils, CD4+ T cells and IL-17-GFP+ CD4+ T cells are in Supplementary Figure 1. 139 

 140 

Culturing and infection of bone marrow derived macrophages (BMDMs) 141 

BMDMs were generated by flushing femurs and tibias of mice and culturing the cells in DMEM, 20%  HI-FBS, 142 

10% supernatant from 3T3 cells overexpressing M-CSF + 1% MEM non-essential amino acids (Cellgro 25-025-143 

CI), 2mM L-glutamine, 100U/mL penicillin and 100µg/mL streptomycin (Sigma P4333) at 37oC in 5% CO2 in 144 
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non-TC treated plates. After 6 days non-adherent cells were removed and 1x106 adherent macrophages were 145 

seeded per well in 6 well non-TC treated plates in DMEM, 10% HI-FBS, 1% MEM non-essential amino acids 146 

and 2 mM L-glutamine. BMDMs were rested overnight at 37oC in 5% CO2. M. tuberculosis was grown to an OD 147 

of 0.6-0.8, washed with PBS twice, sonicated to disperse clumps, centrifuged at 55xg for 10 minutes to remove 148 

clumps and resuspended in antibiotic-free BMDM media. Macrophages were infected at an MOI of 10 by 149 

centrifuging the cells at 200xg for 10 minutes. BMDMs were washed with PBS twice to remove unbound M. 150 

tuberculosis and fresh BMDM media was added to each well. Cells were incubated at 37oC and 5% CO2 for 24 151 

hours. To determine CFU counts, the cells were lysed with 0.05% triton X-100, serially diluted, and plated onto 152 

7H11 agar and incubated for 21 days when bacterial colonies were counted. At 24 hours post-infection (hpi) 153 

supernatants were stored at -80oC for cytokine analysis.  154 

 155 

Cytokine analysis 156 

BMDM supernatants were filtered through a 0.22 µm filter twice to remove M. tuberculosis and analyzed using 157 

the BioPlex-Pro Mouse Cytokine 23-Plex Immunoassay (Bio-Rad) as per the manufacturer’s instructions. 158 

ELISAs were performed according to the manufacturer’s instructions (R&D systems): KC/CXCL1 (DY453), IL-159 

6 (DY406) and G-CSF (DY414). 160 

 161 

IL-17A blocking and T cell depletion  162 

To neutralize IL-17A, 100µg of InVivo monoclonal anti-IL-17A (Bio X Cell, BE0173) neutralizing antibody was 163 

administered to Atg5fl/fl and Atg5fl/fl-LysM-Cre mice by intraperitoneal (i.p.) injection every other day starting at 164 

1 day prior to infection, with the final dose delivered at 13 dpi, similar to published protocols (29). Control mice 165 

received 100µg of IgG from mouse serum (Sigma, I5381) by i.p. injection every other day starting 1 day prior to 166 

infection and finishing on 13 dpi. To deplete CD4+ T cells from mice, 250µg of anti-mouse CD4 (Leinco 167 

Technologies, C1333) was administered by i.p. injection at 2 days prior to infection, 5 dpi and 12 dpi. Control 168 

mice received 250µg of IgG from rat serum (Sigma, 18015) i.p. on 2 days prior to infection, 5 dpi and 12 dpi.  169 
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 170 

Data and statistics 171 

All experiments were performed at least twice. When shown, multiple samples represent biological (not technical) 172 

replicates of mice randomly sorted into each experimental group. No blinding was performed during animal 173 

experiments. Animals were only excluded when pathology unrelated to M. tuberculosis infection was present (i.e. 174 

bad teeth leading to weight loss). Determination of statistical differences was performed with Prism (GraphPad 175 

Software, Inc.) using log-rank Mantel-Cox test (survival), unpaired two-tailed t-test (to compare two groups with 176 

similar variances), or one-way ANOVA with Šídák Multiple Comparison test (to compare more than two groups). 177 

When used, center values and error bars represent the mean +/- S.E.M. In all figures, all significant differences 178 

are indicated by asterisks: * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001. Non-significant comparisons of 179 

particular interest are noted as n.s. (not significant).  180 

 181 
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RESULTS 195 

ATG5 is required in CD11c+ lung macrophages and DCs to control neutrophil recruitment and 196 

accumulation early during M. tuberculosis infection in vivo. 197 

M. tuberculosis infection of Atg5fl/fl-LysM-Cre mice results in the recruitment of a higher number of neutrophils 198 

in the lungs at 14 dpi as compared to Atg5fl/fl controls, despite equivalent bacterial burdens at this time point (3). 199 

This indicates that the neutrophils are accumulating due to a defect in inflammatory responses to infection and 200 

not due to higher burden. There are also no differences in the abundance of other cell types in Atg5fl/fl-LysM-Cre 201 

and Atg5fl/fl mice at 14 dpi (3). To determine which LysM+ cells required ATG5 to control the early influx of 202 

neutrophils into the lungs during M. tuberculosis infection, we compared bacterial burdens and neutrophil 203 

inflammation in Atg5fl/fl-LysM-Cre, Atg5fl/fl-Mrp8-Cre (deletion in neutrophils), Atg5fl/fl-Cd11c-Cre (deletion in 204 

lung resident macrophages and DCs), and Atg5fl/fl controls at 14 dpi. At 14 dpi, the Atg5fl/fl-LysM-Cre and Atg5fl/fl-205 

Cd11c-Cre mice, but not Atg5fl/fl-Mrp8-Cre mice, had higher levels of neutrophil inflammation in the lungs as 206 

compared to Atg5fl/fl controls (Fig. 1A and B). The degree of increased neutrophil frequency was similar in 207 

Atg5fl/fl-LysM-Cre and Atg5fl/fl-Cd11c-Cre mice, demonstrating that loss of Atg5 in CD11c+ cells, but not 208 

neutrophils, leads to the early influx of neutrophils into the lungs during M. tuberculosis infection. At 14 dpi, 209 

none of the mouse strains harbored increased M. tuberculosis burden in their lungs (Fig. 1C), indicating that the 210 

increase in neutrophil abundance in Atg5fl/fl-Cd11c-Cre mice is not due to elevated bacterial burden and reflects 211 

a dysregulated inflammatory response to infection. 212 

The higher levels of neutrophils in the lungs of Atg5fl/fl-LysM-Cre and Atg5fl/fl-Cd11c-Cre mice were 213 

sustained through 21dpi (Fig. 1D). However, only Atg5fl/fl-LysM-Cre mice, and not Atg5fl/fl-Cd11c-Cre mice, had 214 

higher bacterial burdens in the lungs at 21 dpi (Fig. 1E), similar to previously reported (3). Loss of Atg5 in 215 

neutrophils results in increased susceptibility to M. tuberculosis infection in some, but not all, Atg5fl/fl-Mrp8-Cre 216 

mice (3). The susceptible Atg5fl/fl-Mrp8-Cre mice accumulate higher neutrophil numbers and bacterial burdens in 217 

their lungs at 21 dpi (Fig. 1D and E)(3). Therefore, loss of Atg5 in neutrophils is likely contributing to the higher 218 

burdens in the lungs of Atg5fl/fl-LysM-Cre mice at 21 dpi. These data indicate that ATG5 has a role in CD11c+ 219 
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lung macrophages and DCs to regulate early recruitment of neutrophils, but not the control of M. tuberculosis 220 

replication at 14 and 21 dpi. 221 

To determine how the loss of Atg5 in CD11c+ cells and the resulting early influx of neutrophils into the 222 

lungs affected host susceptibility, we monitored survival in M. tuberculosis infected Atg5fl/fl-Cd11c-Cre mice as 223 

compared to Atg5fl/fl controls. Atg5fl/fl-Cd11c-Cre mice succumbed to M. tuberculosis infection between 100 and 224 

150 dpi, which was significantly earlier than Atg5fl/fl controls (median survival time of 259 dpi) (Fig. 1F), but not 225 

as early as Atg5fl/fl-LysM-Cre mice (succumb 30-40 dpi (3)). These data demonstrate that ATG5 is required in 226 

CD11c+ lung macrophages and DCs to control early neutrophil recruitment and promote survival following M. 227 

tuberculosis infection.  228 

 229 

The role for ATG5 in macrophages and DCs in regulating neutrophil recruitment is dependent on other 230 

autophagy proteins.  231 

We previously showed that at least one role for ATG5 in innate immune cells to control M. tuberculosis infection 232 

is autophagy-independent (3). To determine whether the regulation of neutrophil recruitment by ATG5 in CD11c+ 233 

lung macrophages and DCs was dependent on other autophagy proteins or represented the autophagy-independent 234 

role for ATG5 during M. tuberculosis infection, we monitored neutrophil abundance in the lungs of mice lacking 235 

expression of another essential autophagy protein, BECLIN 1, in CD11c+ cells (Becn1fl/fl-Cd11c-Cre) at 14 dpi 236 

by flow cytometry. Similar to Atg5fl/fl-Cd11c-Cre mice, Becn1fl/fl-Cd11c-Cre mice also exhibited elevated 237 

neutrophil frequency in the lung at 14 dpi relative to Becn1fl/fl control mice (Fig. 2A), despite no difference in 238 

bacterial burden (Fig. 2B). In addition, analysis of M. tuberculosis infected Atg16l1fl/fl-LysM-Cre and Becn1fl/fl-239 

LysM-Cre mice also revealed higher levels of neutrophils in the lungs at 14 dpi relative to controls, without higher 240 

bacterial burdens (Fig. 2C and D).  241 

In addition to their role in canonical autophagy, the proteins ATG5, BECLIN 1, and ATG16L1 are also 242 

required for the process of LC3 associated phagocytosis (LAP), where LC3 is recruited to the phagosome, 243 

resulting in LC3+ single membrane vesicles that traffic to the lysosome for degradation. LAP can dampen 244 
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inflammatory responses through efferocytosis, pathogen removal, stimulating inhibitory immune-receptor 245 

signaling, and reducing auto-antigen levels (30–32). In contrast to canonical autophagy, LAP uses RUBICON 246 

and UVRAG instead of ATG14 in the PI3K complex and does not depend on ULK1 (30, 33, 34). To distinguish 247 

between whether ATG5, BECLIN 1, and ATG16L1 were functioning through autophagy or LAP to regulate 248 

neutrophil recruitment during M. tuberculosis infection, we infected mice lacking RUBICON expression, a 249 

protein specifically required for LAP. Rubicon-/- mice had no difference in neutrophil accumulation or bacterial 250 

burdens as compared to WT controls following M. tuberculosis infection (Fig. 2C and D), indicating that LAP 251 

is not required to control neutrophil inflammation during M. tuberculosis infection. Importantly, BECLIN 1 and 252 

ATG5 function at different steps of autophagy. Therefore, the requirement of both BECLIN 1 and ATG5 suggests 253 

that both the initiation and elongation steps of autophagy are required in CD11c+ cells to control neutrophil 254 

recruitment early during M. tuberculosis infection.  255 

 256 

Autophagy regulates proinflammatory responses in macrophages during M. tuberculosis infection. 257 

Up to 14 dpi, the primary CD11c+ cell types that are infected by M. tuberculosis are the lung resident macrophages 258 

(35, 36). The absence of differences in M. tuberculosis lung burden in Atg5fl/fl-Cd11c-Cre and Atg5fl/fl mice at 14 259 

dpi indicates that autophagy is not required to control M. tuberculosis replication in macrophages. Therefore, the 260 

role of autophagy in CD11c+ cells could be to regulate signals that recruit neutrophils. We have previously shown 261 

that lungs of Atg5fl/fl-LysM-Cre mice at 14 dpi contain higher levels of G-CSF and IL-17A than control mice (3), 262 

cytokines that promote neutrophil development and recruitment. Therefore, we hypothesized that autophagy 263 

could be suppressing the production of these cytokines from M. tuberculosis infected macrophages. We tested 264 

this hypothesis by culturing bone marrow derived macrophages (BMDMs) from Atg5fl/fl, Atg5fl/fl-LysM-Cre, 265 

Atg16l1fl/fl, Atg16l1fl/fl-LysM-Cre, Becn1fl/fl, and Becn1fl/fl-LysM-Cre mice and infecting with M. tuberculosis in 266 

vitro before monitoring cytokine and chemokine production using a cytokine bead array (Bio-Rad) on the 267 

supernatants from infected cultures. Of the 23 cytokines tested, we detected significantly higher levels of IL-1β, 268 

G-CSF, KC, TNF-α and RANTES from the Atg5fl/fl-LysM-Cre macrophage cultures compared to controls at 24 269 
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hpi (Fig. 3A-F), despite no difference in bacterial burdens at this time point (Fig. 3G). The levels of these 270 

cytokines were only different following M. tuberculosis infection and not in mock infected cultures, indicating 271 

that the increased pro-inflammatory responses were infection-induced. The higher levels of G-CSF and KC, both 272 

pro-inflammatory signals associated with neutrophil inflammation (37–39), produced from Atg5-deficient 273 

macrophages in response to M. tuberculosis infection was dose dependent and confirmed by ELISA (Fig. 3H-I). 274 

Similar to Atg5fl/fl-LysM-Cre BMDMs, Atg16l1fl/fl-LysM-Cre BMDMs also produced higher levels of G-CSF, 275 

TNF-α and IL-1β following M. tuberculosis infection in vitro (Fig. 3A-F). Becn1fl/fl-LysM-Cre BMDMs also 276 

produced more G-CSF and IL-1β following M. tuberculosis infection in vitro compared to control cells (Fig. 3A-277 

F) despite no difference in M. tuberculosis burden at this time point (Fig. 3G). In addition, Becn1fl/fl-LysM-Cre 278 

BMDMs produced higher levels of IL-6, MIP-1α, MIP-1β, and MCP-1 following M. tuberculosis infection (Fig. 279 

3C, Supplemental Fig. 2). IL-6 in particular is associated with neutrophil recruitment (40–43) and also trended 280 

higher in M. tuberculosis-infected Atg5fl/fl-LysM-Cre BMDMs, so we further analyzed the levels of IL-6 produced 281 

by M. tuberculosis-infected Atg5fl/fl-LysM-Cre BMDMs using an ELISA. These analyses revealed a dose-282 

dependent increase of IL-6 secretion in M. tuberculosis-infected Atg5fl/fl-LysM-Cre BMDMs. Together these data 283 

show that loss of expression of the autophagy proteins ATG5, ATG16L1, and BECLIN 1 results in higher levels 284 

of cytokines and chemokines that are associated with neutrophil recruitment and accumulation following M. 285 

tuberculosis infection relative to controls, indicating that canonical autophagy is required in macrophages to 286 

control proinflammatory responses during M. tuberculosis infection.  287 

 288 

Autophagy suppresses neutrophil recruitment early during M. tuberculosis infection independent of 289 

mitophagy and inflammasome activation. 290 

Autophagy has been shown to suppress proinflammatory responses by negatively regulating inflammasome 291 

activation indirectly through regulation of NFκB signaling and directly by degrading pro-IL-1β and 292 

inflammasome components (44), which can otherwise promote pro-inflammatory responses, IL-1β secretion, and 293 

neutrophil recruitment (44–48). Indeed, Atg5fl/fl-LysM-Cre, Atg16l1fl/fl-LysM-Cre and Becn1fl/fl-LysM-Cre 294 
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BMDMs produce significantly more IL-1β in response to M. tuberculosis infection in vitro at 24 hpi compared to 295 

control BMDMs (Fig. 3A), supporting that loss of autophagy has resulted in increased inflammasome activation. 296 

The primary inflammasome activated during M. tuberculosis infection of macrophages is the NLRP3 297 

inflammasome, which consists of the NOD-, LRR- and pyrin-domain containing protein 3 (NLRP3) sensor, ASC 298 

adaptor, and caspase 1 (49–52). TLR engagement and NFκB activation during M. tuberculosis infection constitute 299 

the priming step of inflammasome activation, resulting in increased expression of pro-IL-1β and NLRP3 (53, 54). 300 

Phagocytosis of M. tuberculosis and subsequent Esx-1-dependent plasma membrane damage leading to potassium 301 

efflux is the second signal promoting NLRP3 inflammasome formation, which mediates CASPASE 1 activation 302 

followed by IL-1β processing and secretion (26, 29).  303 

To determine whether the increased neutrophil inflammation following M. tuberculosis infection in 304 

autophagy-deficient mice results from increased inflammasome activation, we crossed Caspase1/11-/- mice to 305 

Atg5fl/fl-LysM-Cre and Becn1fl/fl-LysM-Cre mice and monitored neutrophil abundance in the lungs at 14 dpi. 306 

Caspase1/11-/-/Atg5fl/fl-LysM-Cre and Caspase1/11-/-/Becn1fl/fl-LysM-Cre mice had similar neutrophil abundances 307 

and bacterial burdens in the lungs at 14 dpi as Atg5fl/fl-LysM-Cre mice and Becn1fl/fl-LysM-Cre mice, respectively 308 

(Fig. 4A-B), indicating that increased neutrophil recruitment in the absence of autophagy occurs independent of 309 

CASPASE1/11. Caspase1/11 deletion also did not extend the survival of Atg5fl/fl-LysM-Cre mice, indicating that 310 

increased inflammasome activation does not contribute to the early susceptibility of these mice (Fig. 4C).   311 

 Autophagy has also been shown to suppress inflammatory responses via the process of mitophagy, where 312 

autophagy targets old and damaged mitochondria to the lysosome for degradation (27, 55). The build-up of 313 

damaged or dysfunctional mitochondria in the absence of autophagy results in loss of mitochondrial membrane 314 

potential and the release of reactive oxygen species (ROS), mitochondrial DNA, and ATP to the cytosol where it 315 

can lead to oxidative damage, inflammasome activation, and pro-inflammatory cytokine production (55–59). 316 

Mitophagy requires the canonical autophagy proteins, including ATG5, ATG16L1, and BECLIN 1, as well as 317 

PARKIN and PTEN-induced kinase 1 (PINK1)(60). PINK1 accumulates on damaged mitochondria and activates 318 

the mitochondrial E3 ubiquitin ligase, PARKIN, to ubiquitinylate damaged mitochondria (56, 59). Optineurin and 319 
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NDP52 are the main mitophagy receptors that interact with the ubiquitinylated mitochondria and LC3 leading to 320 

autophagosome engulfment of the mitochondria (56, 61). To investigate whether loss of mitophagy could 321 

contribute to higher neutrophil accumulation in the lungs following M. tuberculosis infection, we measured 322 

neutrophil frequency in the lung at 14 dpi by flow cytometry in Parkin-/- and Pink1-/- mice relative to WT controls. 323 

There was no difference in neutrophil abundance or bacterial burdens in M. tuberculosis-infected Parkin-/- or 324 

Pink1-/- mice relative to WT mice at 14 dpi (Fig. 4D-E), indicating that mitophagy is not required to control 325 

neutrophil recruitment early during M. tuberculosis infection. To determine if mitophagy is required in 326 

macrophages to control proinflammatory cytokine and chemokine production during M. tuberculosis infection 327 

we generated BMDMs from Parkin-/-, Pink1-/-, and WT mice and infected the macrophages with M. tuberculosis 328 

for 24 hours. We measured cytokine and chemokine levels from mock and M. tuberculosis infected cultures using 329 

the cytokine bead array (Bio-Rad). Unlike in autophagy-deficient BMDMs, there were no differences in IL-6, IL-330 

1β, G-CSF, KC, TNF-α or RANTES production by M. tuberculosis infected Parkin-/- and Pink1-/- macrophages 331 

at 24 hpi compared with WT macrophages (Supplemental Fig. 3), nor any differences in bacterial burden 332 

(Supplemental Fig. 3). Therefore, loss of mitophagy in macrophages does not result in higher levels of 333 

inflammation during M. tuberculosis infection.   334 

 335 

ATG5 is required to suppress early TH17 responses in the lungs during M. tuberculosis infection.  336 

The higher levels of IL-17A observed in the lungs of Atg5fl/fl-LysM-Cre mice at 14 dpi with M. tuberculosis 337 

relative to controls was not reproduced by BMDMs infected with M. tuberculosis for 24 hours (Supplementary 338 

Fig. 2). Although there are many possible explanations for this, one possibility is that the macrophages were not 339 

the source of IL-17A in vivo. We investigated what cell type was expressing higher levels of IL-17A in the Atg5fl/fl-340 

LysM-Cre mice during M. tuberculosis infection by crossing the Atg5fl/fl and Atg5fl/fl-LysM-Cre mice with an IL-341 

17A reporter mouse that expresses GFP under the IL-17A promoter (Il17a-GFP, Jax #018472). We infected 342 

Il17a-GFP/Atg5fl/fl and Il17a-GFP/Atg5fl/fl-LysM-Cre mice with M. tuberculosis and monitored GFP expression 343 

as a proxy of IL-17A expression in immune cells at 14 dpi. The only cell type we reproducibly detected >0.5% 344 
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of the cells expressing GFP were CD4+ T cells. Similar to previous studies with Atg5fl/fl and Atg5fl/fl-LysM-Cre 345 

mice, there was no difference in total CD4+ T cell numbers in the lungs of Il17a-GFP/Atg5fl/fl and Il17a-346 

GFP/Atg5fl/fl-LysM-Cre mice at 14 dpi (Fig. 5A) (3). However, a greater frequency and number of the CD4+ T 347 

cells in the lungs of Il17a-GFP/Atg5fl/fl-LysM-Cre mice at 14 dpi were IL-17-GFP+ compared to Il17a-348 

GFP/Atg5fl/fl mice (Fig. 5B-C). These data indicate that CD4+ T cells contribute to the higher levels of IL-17A in 349 

the lungs of M. tuberculosis infected Atg5fl/fl-LysM-Cre mice and ATG5 is required in innate immune cells to 350 

negatively regulate TH17 responses during M. tuberculosis infection. 351 

 IL-17A drives neutrophil influx by promoting the production of neutrophil chemokines MIP-1α and KC 352 

and through activation of endothelial cells (62–64). Therefore, the increased TH17 responses could be responsible 353 

for the early influx and accumulation of neutrophils in the lungs of M. tuberculosis-infected Atg5fl/fl-LysM-Cre 354 

mice. To determine if the increased expression of IL-17A by T cells was responsible for the enhanced influx of 355 

neutrophils at 14 dpi in Atg5fl/fl-LysM-Cre mice, we depleted CD4+ T cells by administering antibodies specific 356 

for CD4 from day -2 to 14 dpi (Fig. 5D-E). At 14 dpi, we harvested the lungs for enumeration of M. tuberculosis 357 

burden and neutrophil abundance and found that there was no effect of CD4+ T cell depletion on either readout 358 

(Fig. 5F-G). In addition, blocking IL-17A signaling by administering an anti-IL-17A antibody from day -1 to 14 359 

dpi (Fig. 5H) did not affect M. tuberculosis burden (Fig. 5I) or neutrophil abundance (Fig. 5J) in Atg5fl/fl-LysM-360 

Cre mice and Atg5fl/fl mice at 14 dpi. Therefore, although ATG5 is required in innate immune cells to suppress 361 

IL-17A expression in T cells, this role does not contribute to differences in neutrophil accumulation early during 362 

M. tuberculosis infection. 363 

 364 

 365 

 366 

 367 

 368 

 369 
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DISCUSSION 370 

Atg5fl/fl-LysM-Cre mice are extremely susceptible to M. tuberculosis infection, where neutrophils accumulate in 371 

the lungs of infected Atg5fl/fl-LysM-Cre mice by 14 dpi and are sustained at high levels until the mice succumb to 372 

the infection between 30-40 dpi (3). It was previously unknown how ATG5 imparted control of neutrophil 373 

recruitment to the lungs during M. tuberculosis infection. We have discovered that ATG5 is required in CD11c+ 374 

lung macrophages and DCs to regulate proinflammatory cytokine production and neutrophil influx during M. 375 

tuberculosis infection. This role for ATG5 is shared with ATG16L1 and BECLIN 1, but not RUBICON, 376 

suggesting it is autophagy dependent and does not involve LAP. We were able to reproduce the heightened 377 

proinflammatory responses in M. tuberculosis infected autophagy-deficient BMDMs in vitro, suggesting that 378 

autophagy specifically suppresses inflammatory responses from macrophages during M. tuberculosis infection, 379 

although this does not rule out a similar role in DCs in vivo. Alveolar macrophages are among the first cells to 380 

encounter M. tuberculosis in the airways and orchestrate the initial response to infection, recruiting other innate 381 

immune cells to the lung (35, 36). We postulate that similar to the BMDMs, autophagy-deficient alveolar 382 

macrophages overproduce pro-inflammatory signals during M. tuberculosis infection, leading to increased 383 

neutrophil recruitment. 384 

 The increased levels of cytokines and chemokines produced by autophagy-deficient macrophages was 385 

dependent on M. tuberculosis infection, demonstrating that pathogen detection was required. However, the 386 

heightened proinflammatory responses in autophagy-deficient macrophages occurred in the absence of 387 

differences in bacterial burden, indicating that the enhanced inflammatory response is not due to increased 388 

antigen. In addition, the observation that loss of autophagy in macrophages in vitro or in vivo does not affect M. 389 

tuberculosis burden supports our prior findings that xenophagy is not required to control M. tuberculosis 390 

pathogenesis (3). Instead, our data supports a model where canonical autophagy is required in macrophages to 391 

control proinflammatory responses following M. tuberculosis infection. We ruled out the involvement of 392 

CASPASE1/11-dependent inflammasome activity and mitophagy in autophagy-dependent regulation of 393 

neutrophil accumulation during M. tuberculosis infection, leaving open the question of how autophagy regulates 394 
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macrophage proinflammatory responses during infection. One potential mechanism could involve the 395 

accumulation of damage associated signals in autophagy-deficient macrophages during infection. Release of 396 

damage associated molecular patterns (DAMPs) at sites of injury or infection activate endothelial cells to promote 397 

neutrophil adhesion and recruitment through cytokine and chemokine signaling (65). Sensing of DAMPs also 398 

activates autophagy to reduce inflammatory responses and cytokine production as well as clear cell debris (65, 399 

66).  Another possible mechanism for how autophagy regulates inflammatory responses from macrophages during 400 

M. tuberculosis infection involves the process of ER-phagy. ER-phagy is induced under conditions of ER stress, 401 

accumulation of unfolded proteins, and during infection (67, 68). ER-phagy restrains ER stress responses by 402 

targeting excess or damaged endoplasmic reticulum to autophagosomes for degradation (67), but in the absence 403 

of autophagy, ER stress activates NFκB-dependent transcription of inflammatory cytokines, such as IL-1β, IL-6, 404 

IL-18 and TNF-α (68).   405 

We also discovered that ATG5 was required in innate immune cells to suppress early TH17 responses 406 

during M. tuberculosis infection. The effect of loss of Atg5 in innate immune cells on IL-17A expression from T 407 

cells may be explained by the requirement for autophagy in DCs to negatively regulate surface expression of 408 

disintegrin and metalloproteinase domain-containing protein 10 (ADAM10). ADAM10 cleaves its substrate 409 

ICOSL and lower levels of ICOSL leads to decreased ICOSL-ICOS interactions between DCs and T cells, 410 

resulting in less CD25hi CD4+ T regulatory cells and more IL-17+ CD4+ T cells (69). In addition, autophagy 411 

negatively regulates TH17 differentiation by reducing IL-23 and  IL-1β levels, which promote TH17 differentiation 412 

and IL-17A secretion (4, 70–72). Nonetheless, depleting CD4+ T cells or blocking IL-17A did not rescue the 413 

increased neutrophil accumulation in the lungs of M. tuberculosis infected Atg5fl/fl-LysM-Cre mice at 14 dpi, 414 

suggesting that the hyper-inflammatory responses from infected autophagy-deficient macrophages and DCs is 415 

sufficient to recruit excessive neutrophils early during infection. However, it is possible that the heightened TH17 416 

responses in M. tuberculosis infected Atg5fl/fl-LysM-Cre mice have a longer-term impact on the increased 417 

susceptibility of these mice. 418 
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Our studies show that neutrophil recruitment to the lung early during M. tuberculosis infection is regulated 419 

in an autophagy-dependent manner, leaving open the question of what the autophagy-independent function for 420 

ATG5 is that has been shown to be required to control M. tuberculosis pathogenesis (3). At this point, we do not 421 

know if the increased abundance of IL-17+ CD4+ T cells in M. tuberculosis infected Atg5fl/fl-LysM-Cre mice is 422 

due to an autophagy-dependent or independent role for ATG5. In addition, we have previously shown that loss 423 

of Atg5 expression in neutrophils can result in earlier susceptibility than mice lacking the expression of other 424 

autophagy genes in neutrophils (3), suggesting that there is an autophagy-independent role for ATG5 in 425 

neutrophils that contributes to control of M. tuberculosis infection. We hypothesize that the combination of the 426 

newly discovered roles for autophagy in CD11c+ lung macrophages and DCs to regulate inflammatory responses 427 

and an autophagy-independent role for ATG5 in neutrophils collectively allow for control of M. tuberculosis 428 

infection, where loss of both functions results in the extreme susceptibility of Atg5fl/fl-LysM-Cre mice to M. 429 

tuberculosis infection. Higher abundances of neutrophils have been associated with poor disease prognosis and 430 

treatment outcomes in TB patients (14–16). Therefore, our new findings and future dissection of the ATG5-431 

dependent mechanisms of regulating neutrophil recruitment to the lungs during M. tuberculosis infection will 432 

provide critical insight into how to promote protective immune responses during TB. 433 

 434 

 435 

 436 

 437 

 438 

 439 

 440 

 441 

 442 

 443 
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FIGURE LEGENDS 451 

Figure 1. ATG5 is required in CD11c+ cells to regulate the early influx of neutrophils during M. tuberculosis 452 

infection in vivo. (A) Representative flow cytometry plots of neutrophils (CD45+Ly6G+CD11b+) at 14 days post-453 

infection (dpi) from Atg5fl/fl, Atg5fl/fl-LysM-Cre, Atg5fl/fl-CD11c-Cre and Atg5fl/fl-Mrp8-Cre mice. (B) Proportion 454 

of CD45+ cells that are neutrophils in the lung at 14 dpi in Atg5fl/fl, Atg5fl/fl-LysM-Cre, Atg5fl/fl-CD11c-Cre, and 455 

Atg5fl/fl-Mrp8-Cre mice. Neutrophil frequency is reported as a ratio relative to the average neutrophil frequency 456 

in Atg5fl/fl control mice at 14 dpi within a given experiment. (C) Lung burden from the right lung at 14 dpi in 457 

Atg5fl/fl, Atg5fl/fl-LysM-Cre, Atg5fl/fl-CD11c-Cre, and Atg5fl/fl-Mrp8-Cre mice. (D) Proportion of CD45+ cells that 458 

are neutrophils in the lung at 21 dpi in Atg5fl/fl, Atg5fl/fl-LysM-Cre, Atg5fl/fl-CD11c-Cre and Atg5fl/fl-Mrp8-Cre 459 

mice. Neutrophil frequency is reported as a ratio relative to the average neutrophil frequency in Atg5fl/fl control 460 

mice at 21 dpi within a given experiment. Sick and healthy Atg5fl/fl-Mrp8-Cre mice are defined as done previously 461 

where sick Atg5fl/fl-Mrp8-Cre mice have lost more than 30% of their pre-infection body weight by 21 dpi and 462 

healthy Atg5fl/fl-Mrp8-Cre mice have lost less than 30% of their pre-infection body weight at 21 dpi (3). (E) Lung 463 

burden from the right lung at 21 dpi in Atg5fl/fl, Atg5fl/fl-LysM-Cre, Atg5fl/fl-CD11c-Cre, and Atg5fl/fl-Mrp8-Cre 464 

mice. (F) Kaplan Meier curve of survival proportions during M. tuberculosis infection of Atg5fl/fl and Atg5fl/fl-465 

CD11c-Cre mice. Statistical differences were determined by a log-rank Mantel-Cox test (F) or one-way ANOVA 466 

and Šídák multiple comparison test (B-E). * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. Differences 467 
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that are not statistically significant are designated as ns. Each data point is from one biological replicate and at 468 

least two separate experiments were performed.  469 

 470 

Figure 2. The role for ATG5 in macrophages and DCs in regulating neutrophil recruitment is dependent 471 

on other autophagy proteins. (A) Proportion of CD45+ cells that are neutrophils (CD45+Ly6G+CD11b+) in the 472 

lung at 14 dpi in Becn1fl/fl or Becn1fl/fl-CD11c-Cre mice. Neutrophil frequency is reported as a ratio relative to the 473 

average neutrophil frequency in Becn1fl/fl control mice at 14 dpi. (B) Lung burden from the right lobes of the lung 474 

at 14 dpi in Becn1fl/fl or Becn1fl/fl-CD11c-Cre mice. (C) Neutrophil frequency of CD45+ cells reported as a ratio 475 

to the average neutrophil frequency in floxed control mice in Atg5fl/fl, Atg5fl/fl-LysM-Cre, Becn1fl/fl, Becn1fl/fl-476 

LysM-Cre, Atg16l1fl/fl, Atg16l1fl/fl-LysM-Cre mice. Neutrophil frequencies in Rubicon-/- mice were compared to 477 

wildtype C57BL/6J mice. (D) Lung burden from right lobes of the lung at 14 dpi in Atg5fl/fl, Atg5fl/fl-LysM-Cre, 478 

Becn1fl/fl, Becn1fl/fl-LysM-Cre, Atg16l1fl/fl, Atg16l1fl/fl-LysM-Cre, wildtype C57BL/6J, and Rubicon-/- mice. 479 

Statistical differences were determined by student t-test to compare the Cre expressing mice to their respective 480 

floxed control and Rubicon-/- mice to wildtype C57BL/6J mice (A-D). * P < 0.05, ** P < 0.01, *** P < 0.001, 481 

**** P < 0.0001. Differences that are not statistically significant are designated as ns. Each data point is from one 482 

biological replicate and at least two separate experiments were performed.   483 

 484 

Figure 3. Autophagy regulates proinflammatory responses in macrophages during M. tuberculosis 485 

infection. (A) Cytokine bead array data to quantify cytokines in culture supernatants from Atg5fl/fl, Atg5fl/fl-LysM-486 

Cre-, Atg16l1fl/fl, Atg16l1fl/fl-LysM-Cre, Becn1fl/fl or Becn1fl/fl-LysM-Cre BMDMs mock-treated or infected with 487 

M. tuberculosis at an MOI of 10 for 24 hours. BMDMs generated from at least 3 mice were tested in duplicate to 488 

quantify cytokine production. (A) IL-1β, (B) G-CSF, (C) IL-6, (D) KC, and (E) TNF-α, and (F) RANTES levels 489 

at 24 hpi are shown. (G) BMDM CFU counts at 24 hpi. (H) KC, (I) G-CSF, and (J) IL-6 levels at 24 hpi in Atg5fl/fl 490 

and Atg5-/- BMDMs infected with M. tuberculosis at an MOI of 10 or 20 for 24 hours determined by ELISA. 491 

Statistical differences were determined by student t-test to compare the autophagy gene-deficient cells to their 492 
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respective floxed control cells (A-J). * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. Differences that 493 

are not statistically significant are designated as ns. Cytokine levels below detection limits are designated as bdl. 494 

Each data point is one biological replicate.  495 

 496 

Figure 4. Autophagy suppresses neutrophil recruitment independent of mitophagy and inflammasome 497 

activation during M. tuberculosis infection. (A) Proportion of CD45+ cells that are neutrophils 498 

(CD45+Ly6G+CD11b+) in the lung at 14 dpi in Becn1fl/fl, Becn1fl/fl-LysM-Cre, Caspase1/11-/-/Becn1fl/fl, 499 

Caspase1/11-/-/Becn1fl/fl-LysM-Cre, Atg5fl/fl, Atg5fl/fl-LysM-Cre, Caspase1/11-/-/Atg5fl/fl, or Caspase1/11-/-/Atg5fl/fl-500 

LysM-Cre mice reported as a ratio relative to the average neutrophil frequency in corresponding floxed control 501 

mice. (B) Lung burden at 14 dpi from right lobes of the lung from Becn1fl/fl, Becn1fl/fl-LysM-Cre, Caspase1/11-/-502 

/Becn1fl/fl, Caspase1/11-/-/Becn1fl/fl-LysM-Cre, Atg5fl/fl, Atg5fl/fl-LysM-Cre, Caspase1/11-/-/Atg5fl/fl, or 503 

Caspase1/11-/-/Atg5fl/fl-LysM-Cre mice. The legend in 4A also applies to 4B. (C) Kaplan Meier curve of survival 504 

proportions during M. tuberculosis infection of Atg5fl/fl, Atg5fl/fl-LysM-Cre, Caspase1/11-/-/Atg5fl/fl, and 505 

Caspase1/11-/-/Atg5fl/fl-LysM-Cre mice. (D) Proportion of CD45+ cells that are neutrophils 506 

(CD45+Ly6G+CD11b+) in the lung at 14 dpi in wildtype, Parkin-/-, and Pink1-/- mice reported as a ratio relative 507 

to the average neutrophil frequency in wildtype C57BL/6J mice. (E) Lung burden from the right lobe of the lung 508 

at 14 dpi in wildtype C57BL/6J, Parkin-/-, and Pink1-/- mice. Statistical differences were determined by log-rank 509 

Mantel-Cox test (C) and one-way ANOVA and Šídák multiple comparison test (A-B, D-E). * P < 0.05, ** P < 510 

0.01, *** P < 0.001, **** P < 0.0001. Differences that are not statistically significant are designated as ns. Each 511 

data point is from one biological replicate and at least two separate experiments were performed.  512 

 513 

Figure 5. ATG5 is required to suppress early TH17 responses during M. tuberculosis infection. (A) The 514 

number of CD4+ T cells (CD45+ TCRβ+ CD4+) in Atg5fl/fl and Atg5fl/fl-LysM-Cre mice are reported as the total 515 

cells per lung in the left lobe at 14 dpi. (B) The frequency of IL-17-GFP+ CD4+ T cells in the lung (CD45+ TCR+ 516 

CD4+ IL-17-GFP+) of Atg5fl/fl and Atg5fl/fl-LysM-Cre mice are reported as the percentage of CD4+ T cells that are 517 
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IL-17-GFP positive at 14 dpi. (C) The number IL-17-GFP+ CD4+ T cells in Atg5fl/fl and Atg5fl/fl-LysM-Cre mice  518 

are reported as the total cells per lung in the left lobe at 14 dpi. (D) Schematic depicting the timing of CD4 519 

antibody injections. (E) The number of CD4+ T cells (CD45+ TCRβ+ CD4+) in Atg5fl/fl and Atg5fl/fl-LysM-Cre mice 520 

are reported as the total cells per lung in the left lobe at 14 dpi following antibody treatment. (F) Lung burden 521 

from the right lobes of the lung at 14 dpi in Atg5fl/fl or Atg5fl/fl-LysM-Cre mice that received isotype or CD4-522 

depletion antibodies. (G) Proportion of CD45+ cells that are neutrophils (CD45+Ly6G+CD11b+) in the lung at 14 523 

dpi in Atg5fl/fl or Atg5fl/fl-LysM-Cre mice that received CD4 antibody or an isotype control. Neutrophil frequency 524 

is reported as a ratio relative to the average neutrophil frequency in Atg5fl/fl control mice at 14 dpi. (H) Schematic 525 

depicting delivery of the IL-17 neutralizing antibody treatments. (I) Lung burden from the right lobes of the lung 526 

at 14 dpi in Atg5fl/fl or Atg5fl/fl-LysM-Cre mice that received isotype or IL-17 neutralizing antibodies. (J) Proportion 527 

of CD45+ cells that are neutrophils (CD45+Ly6G+CD11b+) in the lung at 14 dpi in Atg5fl/fl or Atg5fl/fl-LysM-Cre 528 

mice that received isotype or IL-17 neutralizing antibodies. Neutrophil frequency is reported as a ratio relative to 529 

the average neutrophil frequency in Atg5fl/fl control mice at 14 dpi. Statistical differences were determined by 530 

student t-test (A) or one-way ANOVA and Šídák multiple comparison test (A-C, E-G, I and J). * P < 0.05, ** P 531 

< 0.01, *** P < 0.001, **** P < 0.0001. Differences that are not statistically significant are designated as ns. Each 532 

data point is from one biological replicate.  533 

 534 

Supplemental Figure 1. Gating strategies for flow cytometry identification of neutrophils and IL-17A 535 

expressing T cells. (A) Cells from the lung were identified as viable by not staining with Zombie-NIR, 536 

hematopoietic cells were identified as CD45+ and neutrophils were identified as Ly6G+ and CD11b+.  (B) TH17 537 

cells were identified in Il17a-GFP/Atg5fl/fl and Il17a-GFP/Atg5fl/fl-LysM-Cre mice by gating viable cells based on 538 

not staining with Zombie-NIR, hematopoietic cells were identified as CD45+, all non-neutrophils were identified 539 

as Ly6G-, and CD4+ T cells were identified as TCR+, CD19-, and CD4+. IL-17 expressing T cells were gated as 540 

IL-17-GFP+ CD4+ T cells.  541 
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Supplemental Figure 2. Levels of cytokines and chemokines that were not significantly different in ATG5-543 

deficient macrophages. Cytokine bead array data from mock treated and M. tuberculosis infected BMDMs. 544 

Atg5fl/fl, Atg5fl/fl-LysM-Cre, Atg16l1fl/fl, Atg16l1fl/fl-LysM-Cre, Becn1fl/fl and Becn1fl/fl-LysM-Cre BMDMs were 545 

cultured for 24 hpi and cytokine levels were measured in the media from mock treated or infected macrophages. 546 

BMDMs from at least 3 mice were tested in duplicate to quantify the cytokines in the bead array. All cytokine 547 

and chemokine data that are not significantly different between macrophages cultured from Atg5fl/fl-LysM-Cre 548 

and Atg5fl/fl mice are reported here. (A) IL-1α, (B) IL-3, (C) IL-4, (D) IL-5, (E) IL-10, (F) IL-12(p40), (G) IL-549 

12(p70), (H) IFN-γ, (I) MIP1β, (J) GM-CSF, (K) MIP1α, (L) MCP-1, (M) Eotaxin, and (N) IL-17 levels at 24 550 

hpi. Statistical differences were determined by student t-test comparing the autophagy deficient macrophage with 551 

its floxed control within a treatment condition (A-N). * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. 552 

Cytokine levels below detection limits are designated as bdl. Differences that are not statistically significant are 553 

designated as ns.  554 

Supplemental Figure 3.  Mitophagy is not required in macrophages to regulate proinflammatory responses 555 

during M. tuberculosis infection. WT, Parkin-/- and Pink1-/-, BMDMs were cultured for 24 hpi and cytokine 556 

levels were measured by cytokine bead array in the media from mock treated or infected macrophages. (A) IL-1β 557 

levels at 24 hpi. (B) G-CSF levels at 24 hpi. (C) IL-6 levels at 24 hpi. (D) KC levels at 24 hpi. (E) RANTES 558 

levels at 24 hpi. (F) TNF-α levels at 24 hpi. (G) BMDM CFU counts at 24 hpi. BMDMs from at least 3 mice 559 

were tested in duplicate to quantify the cytokines in the bead array. Each point is one biological replicate. 560 

Statistical differences were determined by one-way ANOVA and Šídák multiple comparison test (A-G). * P < 561 

0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. Cytokine levels below detection limits are designated as dbl. 562 

Statistical differences that are not significant are designated as ns.  563 

 564 
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