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Supplementary Figure 1. Autophagy is induced in macrophage foam cells. (A). Primary 

macrophages were stimulated with acetylated LDL cholesterol (acLDL) (100μg/mL) or vehicle control 

(PBS x1 for 24 h). Cells were fixed in 4% PFA and stained with oil red O for neutral lipids; and counter 

stained with hematoxylin. Lipid accumulation is evident in acLDL stimulated cells (see arrows) 

compared to controls. The scale bar is 10μm. (B) Primary macrophages were stimulated as described 

in panel A and stained for autophagosomes (LC-3B) 24 h later. Representative confocal micrographs of 

methanol fixed cells, stained for LC-3B, red, (autophagosomes) or LAMP-1, green, (lysosomes). The 

scale bar is 5μm. (C) Quantification of LC-3B puncta per cell (n=498 cells for acLDL) and (n=583 cells 

per control).  
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Supplementary Figure 2. Autophagy is induced in macrophage foam cells. (A). Raw 264.7 cells 

were incubated in the presence of acLDL (100µg/mL) for 24 h and autophagic vesicles were visualized 

by confocal microscopy 24 h later using a CytoID autophagy detection kit, (as described in the 

Methods). The scale bar is 5μm (B). Quantification of the autophagy signal from acLDL-treated cells 

(n=76 cells) or controls (n=149 cells). Nuclear stain appears in blue and autophagy vesicles in green. 
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Supplementary Figure 3. Transformation of macrophages into foam cells. (A). Representative 

confocal images showing increased cathepsin activity in macrophage-like foam cells, Raw264.7. The 

cells were treated with acLDL (100μg/mL) for 24 h. Cathepsin activity was then determined by the 

fluorescent signal from GB137 (1µM) 24 h later, in the presence of 2% fetal bovine serum. Lysotracker 

(50nM) was added to the cells 30 min before microscopy examination. Cathepsin inhibitor, GB111-NH2 

(5µM) was added 1 h before GB137 and demonstrated complete blockade of cathepsin activity. The 

scale bar is 10μm. Lysotracker stain is in green, cathepsin activity (GB137) in red. Bar graphs present 

the mean ± SEM and one-way ANOVA with Tukey's correction for multiple comparisons. 
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Supplementary Figure 4. Cathepsin inhibition. (A) NIH3T3 cells were treated with GB111-NH2 

(5µM) for 16 h. Then, the cells were washed once with PBS x1 and incubated with HBSS or complete 

media for 2 h. Lysates were analysed as in Fig 2a, (n=2 biological samples). (B). BMDM were treated as 

described in (A) with 4 hours of incubation with HBSS (n=3 biological samples). (C). Raw 263.7 cells 

were treated with GB111-NH2 (10µM) or DMSO for 16 h before the addition of 7-Keto (50µM) for 4 

hours. Chloroquine (CQ) (50µM) was added in indicated samples for the last 2 hours. Autophagic 

vacuoles were detected by the CytoID® Autophagy detection kit according to the manufacturer’s 

instructions. Cells were fixed in 4% PFA and nuclei were stained with Hoechst. Representative 

confocal micrographs showing autophagic vacuoles (green) and nuclei in (blue). Bar graphs present 

the mean ± SEM and statistical difference, as computed with Student's t-test. The scale bar is 5µm. 

(D,E). Autophagy flux measurement as indicated by LC-3B turnover in primary macrophages treated 

with or without CQ. Macrophages were treated and analyzed as described in panel A. The ratio of 

normalized LC-3B expression between CQ treated and CQ untreated macrophages is expressed as the 

rate of lysosomal LC-3B degradation (n=6 biological samples). One-way ANOVA with Tukey's 

correction for multiple hypotheses was used to determine statistical significance.  
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Supplementary Figure 5. Selectivity and potency of commercial cathepsin inhibitors and their 

impact on autophagy. (A) Primary macrophages were treated with increasing doses of inhibitors for 

cathepsins B, L and S for 16 h, as indicated. Cells were then treated with the activity-based probe, 

GB123, for another two h, after which the cells were lysed and resolved on SDS-PAGE. Selectivity of the 

cathepsin inhibitors was determined by fluorescent scan (Cy5, bottom) of residual cathepsin activity. 

Gels were then blotted on PVDF and reacted with indicated antibodies (top). (B) Autophagic 

degradation in the presence of cathepsin inhibitors was assessed by fluorescent microscopy 

examination of p62 levels. Primary macrophages were stimulated with inhibitors for cathepsins (CatB 

25μM, CatL 25μM or GB111-NH2 10μM) after which, 7-Keto (50μM) was added for another 4 h. Cells 

were fixed and permeabilized with cold methanol for 10 min at -20°C and then stained for p62 

(magenta) or DAPI (blue) for the nucleus. (C) Quantification of p62 puncta per cell is presented as box 

and whiskers plot. The scale bar is 5μm. 
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Supplementary Figure 6. Cathepsin inhibition delays mitochondrial clearance. (A) Exposure to 

7-Keto cholesterol induces mitophagy in primary macrophages. Representative confocal micrographs 

of macrophages stimulated with 7-Keto (50μM) at different time points. Cells were then fixed and 

permeabilized with chilled methanol and stained with LC-3B (autophagosomes, magenta) or Tomm20 

(mitochondria, cyan). (B) Quantification of LC-3B colocalization with Tomm20. One-way ANOVA with 

Dunnet's correction for multiple hypotheses. (C) 7-Keto induces lysosomal degradation of damaged 

mitochondria. Confocal images of macrophages stimulated with 7-Keto (50μM) or vehicle control for 4 

h. Cells were stained with mitotracker deep red (100nM) for 30 min and then fixed and permeabilized 

with chilled methanol. Lysosomes were stained with LAMP-1 (green) and nuclei with DAPI (blue). (D) 

Quantification of mitochondrial overlap with lysosomes. Statistical significance was determined by 

Student's t-test. (E) Accumulation of mitochondrial damage due to lysosomal inhibition. Primary 

macrophages were treated with cathepsin L inhibitor (Cat Li 25μM) for 16 h, after which 7-Keto 

(50μM) was added for another 4 h. Chloroquine (CQ 100μM) (as a positive control) was added in 

parallel to 7-Keto. Cells were then stained with mitotracker deep red and mitotracker green (100nM) 

for 30 min and prepared for flow cytometry analysis (n=3-4 biological replicates). The gated 

population represents cells with damaged mitochondria. Data are presented as mean ± SEM. The scale 

bar is 5μm. 
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Supplementary Figure 7. Cathepsin inhibition alters mitochondrial shape and function. (A)  

Primary macrophages were treated with pan-cathepsin inhibitor JPM-OEt (50µM) or DMSO for 16 h 

followed by treatment with 7-Keto (50µM) for another 4 h. Mitotracker deep red (100nM) was added 

for 30 min and the cells were then fixed in cold methanol for 10 min. Mitochondria were visualized by 

fluorescent microscopy (magnification x100). Magnified rectangles are presented on the right. The 

scale bar is 5µm. (B) Quantification of mitochondrial circularity is presented in a box and whiskers 

plot. (C) Mitochondrial function was assessed by the Seahorse assay. Primary macrophages were 

treated with cathepsin L inhibitor (Cat Li 25µM) or DMSO for 16 h and then with 7-Keto or ethanol for 

another 2 h. Mitochondrial oxygen consumption was measured by Seahorse and values were 

normalized to protein content. Data are presented as the mean ± SEM of 4-6 biological replicates. (D) 

Primary macrophages were treated as described in panel (A) and mitochondrial ROS production was 

measured by flow cytometry using mitosox (1µM), according to the manufacturer's protocol. The data 

are expressed as fold change relative to the control, and are presented as the mean ± SEM of 7-8 

biological replicates. 
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Supplementary Figure 8. Cathepsin inhibition in the settings of metabolic stress mediate 

inflammatory cytokine expression through reactive oxygen species. Primary macrophages were 

treated with GB111-NH2 (10μM) for 16 h or with DMSO vehicle. Before the addition of 7-Keto (50μM) 

for 4 h, the cells were administered N-acetyl cysteine (NAC) 10mM for 4 h or vehicle. Normalized 

expression to the 36B4 housekeeping gene of indicated inflammatory cytokines are presented in bar 

graphs and represent the mean ± SEM. One-way ANOVA with Fisher’s Least Significant Distance for 

multiple comparisons (n=8-12 biological replicates per group). 
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Supplementary Figure 9. Cathepsin inhibition decreases M2 markers in parallel to elevation in 

the cellular stress-related gene signature. Mouse primary macrophages were treated with GB111-

NH2 (10μM) or DMSO for 16 h and then stimulated with IL-4 for another 24 h. (A) Normalized 

expression of IL-10 and MRC-1, classical M2 markers are shown (n=7-8 biological replicates per 

group). (B) Heat map presenting differentially expressed genes from RNA-seq experiments, indicating 

an increase in stress-related genes and a marked reduction in classical M2 markers are highlighted in 

a blue rectangle. (C) Validation of the stress-related genes ATF4 and CHOP in M2 polarized 

macrophages after treatment with GB111-NH2. Cells were treated as described previously in panel (A) 

and normalized expression of ATF4 and chop are presented in bar graphs (n=3 biological replicates 

per group). P values below 0.05 were considered statistically significant and Student’s t-test was used 

to determine statistical significance.
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Supplementary Table 1. Quantitative PCR primers used in this study. 
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Supplementary Table 2. Upregulated proteins GB111-NH2 vs Control macrophages.  
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Supplementary Table 3. Upregulated proteins 7-Keto GB111-NH2 vs 7-Keto treated macrophages.  

 


