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Supplementary Figure 1
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Supplementary Figure 1. Disease exacerbation during M. tuberculosis infection 

resulting from GM-CSF blockade does not require IFN-g. a, b, WT mice were 

infected and treated with Ctrl Ab (closed circles) or aGM-CSF (open circles) as in Fig. 

1a.  At day 21 post-infection, lung cell suspensions were prepared and stained for 

detection of T cells. Production of IFN-g was determined after ex vivo restimulation of 

whole lung cell suspensions with PPD plus anti-CD28 overnight and brefeldin A for 

the last 4 h. a, Gating strategy for quantification of CD4+ and CD8+ T cells, and IFN-g-

expressing T cells is shown.  b, The percentage of CD4+ (top left) and CD8+ (top right) 

T cells among total live cells and total cell numbers for both are shown. The 

percentage of IFN-g-expressing cells among CD4+ (bottom left) and CD8+ (bottom 

right) T cells and total cell numbers for both are shown. c, WT (circles) or IFNgR-/- 

(triangles) mice were infected and treated with Ctrl Ab (closed symbols) or aGM-CSF 

(open symbols) as in Fig. 1a. Lung viable bacterial loads were determined at day 21 

post-infection. **P = 0.0079; *P = 0.0159. d, WT mice were infected and treated with 

Ctrl Ab (closed circles) or aGM-CSF (open circles) as in Fig. 1a with the exception that 

mice also received 0.5 mg of anti-IFN-g (aIFN-g; triangles) or isotype mAbs (circles) 

with each i.p. injection. Lung viable bacterial loads were determined at day 21 post-

infection. **P = 0.0079; *P = 0.0317. Data representative of five (b) or two (c, d) 

biological experiments. Represented is the mean±SD; each dot represents an 

individual mouse: n = 5 mice/group (b, d) or n = 4-5 mice/group (c). Source data are 

provided as a Source Data file. Statistical analysis was performed using two-tailed 

Mann-Whitney test. 
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Supplementary Figure 2
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Supplementary Figure 2. Blood transcriptomic changes upon M. tuberculosis 

infection and anti-GM-CSF mAbs treatment. WT mice were infected and/or treated 

as in Fig. 1a. Blood was collected from infected and uninfected mice for RNA-Seq 

analysis (n= 4-5 mice/group). a, Principal-component (PC) analysis depicting the 

variation in the global gene expression profiles across the different groups. PC1 and 

PC2, which capture the greatest variation in gene expression, are shown. Empty and 

filled symbols represent uninfected and infected samples, respectively; colour 

represents mAbs treatment (isotype control (Ctrl Ab) in green; aGM-CSF in purple). 

Each dot represents an individual mouse. b, Variance per PC identifying the main 

sources of variation in gene expression between samples from HN878 infected and 

uninfected mice (Infection) and/or aGM-CSF and Ctrl Ab treated mice (aGM-CSF). 

The significance of each principal component was assessed by an F-test of the 

associated regression model. c, Volcano plots (top) and heatmaps (bottom) depicting 

the differently expressed genes between blood samples from infected Ctrl Ab treated 

versus uninfected Ctrl Ab treated mice (left), uninfected aGM-CSF treated versus 

uninfected Ctrl Ab treated mice (middle), infected aGM-CSF treated versus infected 

Ctrl Ab treated mice (right) (Supplementary Data 2). Volcano plots: numbers and 

colour relate to genes that have an adjusted P value < 0.05. Blue, significantly down-

regulated; red, significantly up-regulated; grey, non-differentially expressed. P values 

were adjusted for multiple testing using the Benjamini-Hochberg method. Heatmaps: 

gene expression values were averaged and scaled across the row to indicate the 

number of standard deviations above (red) or below (blue) the mean, denoted as row 

Z-score; shown for individual blood samples from uninfected Ctrl Ab (light green) or 

aGM-CSF (light purple) and infected Ctrl Ab (dark green) or aGM-CSF (dark purple) 

treated mice. Dendrogram shows unsupervised hierarchical clustering of genes. 
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Supplementary Figure 3. Blood transcriptomic changes in myeloid populations 

upon M. tuberculosis infection and anti-GM-CSF mAbs treatment. WT mice were 

infected and/or treated as in Fig. 1a. Blood was collected from infected and uninfected 

mice for RNA-Seq analysis (n= 4-5 mice/group). a, Stacked bar plots depicting in silico 

immune cell composition of mouse blood RNA-seq samples, derived using the 

CIBERSORT algorithm based on cellular signatures obtained from ImmuCC. Each bar 

represents percent fractions for 9 representative cell types for an individual mouse 

sample, with colours representing the different cell types. ILC, innate lymphoid cells. 

Yellow bars indicate neutrophils; grey bars indicate monocytes and macrophages 

(labelled collectively as myeloid cells which excludes neutrophils). b-d, Heatmap 

showing relative expression of genes in the neutrophil (b), and monocyte (c) and 

macrophage (d) -associated gene set for individual blood samples from uninfected 

Ctrl Ab (light green) or aGM-CSF (light purple) and infected Ctrl Ab (dark green) or 

aGM-CSF (dark purple) treated mice. Gene expression values were averaged and 

scaled across the row to indicate the number of standard deviations above (red) or 

below (blue) the mean, denoted as row Z-score. Dendrogram shows unsupervised 

hierarchical clustering of genes. 
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Supplementary Figure 4. Lung transcriptomic changes upon M. tuberculosis 

infection and anti-GM-CSF mAbs treatment. WT mice were infected and/or treated 

as in Fig. 1a. Lungs were harvested from infected and uninfected mice for RNA-Seq 

analysis (n= 4-5 mice/group). a, Principal-component (PC) analysis depicting the 

variation in the global gene expression profiles across the different groups. PC1 and 

PC2, which capture the greatest variation in gene expression, are shown. Empty and 

filled symbols represent uninfected and infected samples, respectively; colour 

represents mAbs treatment (isotype control (Ctrl Ab) in green; aGM-CSF in purple). 

Each dot represents an individual mouse. b, Variance per PC identifying the main 

sources of variation in gene expression between samples from HN878 infected and 

uninfected mice (Infection) and/or aGM-CSF and Ctrl Ab treated mice (aGM-CSF). 

The significance of each principal component was assessed by an F-test of the 

associated regression model. c, Volcano plots (top) and heatmaps (bottom) depicting 

the differently expressed genes between lung samples from infected Ctrl Ab treated 

versus uninfected Ctrl Ab treated mice (left), uninfected aGM-CSF treated versus 

uninfected Ctrl Ab treated mice (middle), infected aGM-CSF treated versus infected 

Ctrl Ab treated mice (right) (Supplementary Data 4). Volcano plots, numbers and 

colour relate to genes that have an adjusted P value < 0.05. Blue, significantly down-

regulated; red, significantly up-regulated; grey, non-differentially expressed. P values 

were adjusted for multiple testing using the Benjamini-Hochberg method. Heatmaps: 

gene expression values were averaged and scaled across the row to indicate the 

number of standard deviations above (red) or below (blue) the mean, denoted as row 

Z-score; shown for individual lung samples from uninfected Ctrl Ab (light green) or 

aGM-CSF (light purple) and infected Ctrl Ab (dark green) or aGM-CSF (dark purple) 

treated mice. Dendrogram shows unsupervised hierarchical clustering of genes. 
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Supplementary Figure 5. GM-CSF regulates lung myeloid cell numbers during 

M. tuberculosis infection. WT mice were infected and treated with Ctrl Ab or aGM-

CSF as in Fig. 1a. Lung cell suspensions were prepared and stained for detection of 

myeloid cells. Gating strategy for quantification of neutrophils (CD11b+Ly6G+), Ly6C+ 

monocytes (CD11b+Ly6G-Ly6C+) and alveolar macrophages (CD11blowCD11c+) is 

shown.  
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Supplementary Figure 6
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Supplementary Figure 6. NETs are detected in necrotic lung lesions of human 

pulmonary TB. a, Formalin-fixed paraffin embedded lung sections from a total of 

thirteen patients with pulmonary TB (1 section/ TB patient; Supplementary Table 1) 

were labelled with antibodies specific for citrullinated histone H3 (citH3; red) MPO 

(green) and DAPI (blue). All thirteen slides were stained and scanned together in the 

same experiment. NETs, visualized by colocalization of citH3 and DAPI staining 

(merged images, left), are shown for 6 TB patients. Scale bars, 50 µm. b, 

Unsupervised-hierarchical-clustering-based heatmap of z-scores of log2-transformed 

label-free quantification (LFQ) protein intensities quantified in lung TB granulomas 

samples (cavitary granuloma, caseum or cells; caseous granuloma, caseum; solid 

granuloma, cells) by Marakalala et al.1, for the indicated neutrophil-associated 

proteins. 
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Supplementary Figure 7. Enhanced expression of genes associated with type I 

IFN-responses in M. tuberculosis infected lungs upon GM-CSF blockade. a, 

GSEA of hallmark gene sets from the Molecular Signatures Database of the Broad 

a
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Institute, showing the normalized enrichment scores (NES) for lung RNA-Seq data 

from infected aGM-CSF versus infected Ctrl Ab treated mice described in 

Supplementary Fig. 4. b, c, GSEA enrichment plot (b) and heatmap of genes (c) in 

the IFN-a response pathway. Gene expression values were averaged and scaled 

across the row to indicate the number of standard deviations above (red) or below 

(blue) the mean, denoted as row Z-score; shown for individual lung samples from 

uninfected Ctrl Ab (light green) or aGM-CSF (light purple) and infected Ctrl Ab (dark 

green) or aGM-CSF (dark purple) treated mice. Dendrogram shows unsupervised 

hierarchical clustering of genes. 
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