
Supplementary Table 1. Transcriptomic studies of sJIA and AOSD in GEO 

repository. 1-8 

 

GEO ID Pubmed ID Groups compared (size) Source Technique 

GSE80325 28935693 HC (n = 6), sJIA (n = 12) whole 

blood 

microarray 

GSE80060 28115015 HC (n = 22), baseline sJIA (n = 77), 

post-canakinumab (n = 67) 

whole 

blood 

microarray 

GSE7753 17968951  HC (n = 30), sJIA (n = 17) PBMC microarray 

GSE21521 20576155  HC (n = 59), sJIA (n = 29), other JIA (n 

= 176) 

PBMC microarray 

GSE17590 21173013  HC (n = 21), sJIA (n = 24) PBMC microarray 

GSE147608 33277241  HC (n = 11), sJIA (n = 26) monocytes RNAseq 

GSE112057 29950172  HC (n = 12), oligoarticular JIA (n = 43), 

polyarticular JIA (n = 46), sJIA (n = 26) 

whole 

blood 

RNAseq 

GSE113645 30404814  HC (n = 3), inactive AOSD (n = 14), 

active AOSD (n = 10) 

monocytes microarray 

 

https://www.ncbi.nlm.nih.gov/pubmed/17968951
https://www.ncbi.nlm.nih.gov/pubmed/20576155
https://www.ncbi.nlm.nih.gov/pubmed/21173013
https://www.ncbi.nlm.nih.gov/pubmed/33277241
https://www.ncbi.nlm.nih.gov/pubmed/29950172
https://www.ncbi.nlm.nih.gov/pubmed/30404814


Supplementary Table 2. Enrichment of Hallmark mTORC1 gene set in GEO datasets related to Still’s disease.    

 



  



Supplementary Table 3. Clinical information for bone marrow pathology studies.  

 

Patients with MAS  
Patient Age (yr) Diagnosis Clinical description 

1 14 sJIA and MAS 

Recurrent fever, rash, arthritis, hypotension, 

hepatitis, carditis, pancreatitis, cytopenia, 

ferritin > 8000 ng/mL 

2 43 AOSD and MAS 

Recurrent fever, malaise, myalgia, rash, 

pancytopenia, 

ferritin > 60,000 ng/mL. 

3 26 AOSD and MAS 

recurrent fever, rash, arthritis, pulmonary 

hypertension, renal dysfunction, ferritin > 

20,000 ng/ml. Patient succumbed to MAS. 

4 2 viral MAS 

EBV infection, fever, diarrhea, elevated 

AST/ALT, hepato-splenomegaly, anemia, 

leukopenia and ferritin 69,000 ng/mL. 

5 22 viral MAS 

EBV infection, fever, GI bleeding, liver failure, 

ferritin > 60,000 ng/mL. Patient died from 

multiorgan failure and septic shock. 

6 38 viral MAS 

EBV infection, history of Crohn's disease, rash, 

fever, pancytopenia, splenomegaly, and ferritin 

> 100,000 ng/mL. Patient died from intracranial 

hemorrhage. 

    

    

Controls with normal bone marrow pathology 

Patient Age (yr) Diagnosis Clinical description 

1 30 Anemia Anemia and mild leukopenia of unclear etiology 

2 43 hypogammaglobulinemia 
Low IgG levels of unclear etiology. Family 

history of common variable immunodeficiency 

 

  



Supplementary Table 4. Antibodies and sources. 

 

Target Antigen Conjugation Clone Company Catalog # Lot # Dilution 

Ly6C PE/Cy7 HK1.4 Biolegend 128018 B295200 1:500 

Ly6C BV 605 HK1.4 Biolegend 128036 B156853 1:500 

CX3CR1 PE SA011F11 Biolegend 149006 B307671 1:500 

CD11b PB M1/70 Biolegend 101224 B308096 1:500 

Ly6G APC 1A8 Biolegend 127614 B313371 1:500 

Ly6G FITC 1A8 Biolegend 127606 B277117 1:500 

CD3e FITC 145-2C11 Biolegend 100306 B215536 1:500 

B220 FITC RA3-6B2 Biolegend 103206 B230445 1:500 

CD45.1 AF 647 A20 Biolegend 110720 B203773 1:500 

CD45.2 PE/Cy7 104 Biolegend 109830 B161541 1:500 

CD14 PE M5E2 Biolegend 301850 B271173 1:500 

CD14 PB M5E2 Biolegend 301816 B257037 1:500 

CD68 AF647 FA-11 Biolegend 137003 B253579 1:500 

CD41 FITC MWReg30 Biolegend 133904 B282876 1:500 

TER-119 FITC TER-119 Biolegend 116206 B208450 1:500 

CD117 (c-kit) PE/Cy7 2B8 Biolegend 105814 B205421 1:500 

CD11b FITC M1/70 Biolegend 101206 B160103 1:500 

CD16/32 PerCP/Cy5.5 93 Biolegend 101324 B197126 1:500 

CD115 PE AFS98 Biolegend 135505 B256877 1:500 

CD34 PB SA376A4 Biolegend 152204 B171705 1:500 

CD4 PE/Cy7 GK1.5 Biolegend 100421 B312815 1:500 

CD62L FITC MEL-14 Biolegend 104405 B258725 1:500 

CD44 APC IM7 ThermoFisher 
48-0441-

82 

E08502-

1631 
1:500 

Phospho-

4EBP1 (T37/46) 
AF647 236B4 Cell Signaling 5123S 9 1:100 

Phospho-S6 

(S240/244) 
AF488 D68F8 Cell Signaling 5018S 6 1:100 

Phospho-Akt 

(S473) 
AF488 D9E Cell Signaling 4071S 11 1:100 

CD45R (B220) FITC RA3-6B2 ThermoFisher 
13-0452-

85 

E02531-

301 
1:100 

TSC2 unconjugated D93F12 Cell Signaling 4308T 6 1:1000 

β-actin unconjugated 2F1-1 Biolegend 643802 B177370 1:2000 

anti-mouse IgG HRP polyclonal Cell Signaling 7076S 35 1:2500 

anti-rabbit IgG HRP polyclonal Cell Signaling 7074P2 30 1:2500 

  



Supplementary Table 5. Gene sets and sources for gene set enrichment analysis.  

 

Gene set  Source 9-11 

HEDGEHOG_SIGNALING  Hallmark gene sets 

IFN-γ_RESPONSE  Hallmark gene sets  

IL2/STAT5_SIGNALING  Hallmark gene sets  

IL6/STAT3_SIGNALING  Hallmark gene sets  

MTORC1_SIGNALING  Hallmark gene sets  

MYC_TARGETS_V2  Hallmark gene sets  

NOTCH_SIGNALING  Hallmark gene sets  

TGFβ_SIGNALING   Hallmark gene sets  

TNFA_SIGNALING_VIA_NFKB Hallmark gene sets  

UNFOLDED_PROTEIN_RESPONSE Hallmark gene sets  

WNT/β_SIGNALING  Hallmark gene sets  

IL1_SIGNALING  Reactome Pathway 

IL10_SIGNALING  Reactome Pathway 

IL17_SIGNALING Reactome Pathway 

IL7_SIGNALING  Reactome Pathway 

IL18_SIGNALING WikiPathways  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure 1 

 

 



 

Supplementary Figure 1. Enhanced myeloid cell differentiation in IL1rn-/- mice. a) Gating strategy 

for flow cytometry analysis of peripheral blood cells and bone marrow cells. Percentages represent the 

percentage of gated events in live cells. b) Relative (n= 10 per group) and c) absolute count of cell 

subsets in peripheral blood of BALBc and IL1rn-/- mice (BALBc, n = 8, IL1rn-/- n = 11). d) Representative 

flow cytometry plot and quantification of bone marrow myeloid cell subsets in BALBc and IL1rn-/- mice 

(n = 8 per group). Boxes on left panels indicate Ly6Chi monocytes and boxes on right panels indicate 

neutrophils. e) Quantification of hematopoietic stem cell (HSC), common myeloid progenitors (CMP), 

granulocyte-monocyte progenitors (GMP) and common monocyte progenitors (CMoP) in BALBc and 

IL1rn-/- mice (n = 5 per group). f) Representative photo (50x magnification) and quantification of adherent 

macrophages derived from cultured bone marrow cells in the presence or absence of M-CSF (3 high 

power fields at 100x magnification counted per sample; n = 4 mice per group). g) Expansion of ER-

Hoxb8 myeloid progenitor cells in the presence of IL-1β (n = 3 per condition). Boxes indicate Ly6Chi 

monocytes. Mice were 6-7 weeks old for all experiments and data in panels b-e were pooled from 2-3 

independent experiments. Statistical analyses (all two-sided): Mann-Whitney U test (panels b-f). Median 

and error bars representing interquartile range are displayed in panels b-g Source data are provided as 

a Source Data file. 

 

  



Supplementary Figure 2 

 

Supplementary Figure 2. Anakinra treatment reverses inflammation and monocyte expansion. a) 

Quantification of bone marrow Ly6Chi monocytes in WT BALBc mice (n = 3) and IL1rn-/- mice treated 

with PBS (n = 6) or anakinra (n = 6; 10 mg/kg i.p. daily for 2 weeks). b) Quantification of peripheral 

blood Ly6Chi monocytes in IL1rn-/- mice treated with PBS or anakinra for 2 weeks (n = 6 per group). 

Additional data were collected from the anakinra group 1 week after treatment discontinuation (n = 3). 

Mice were 8 weeks old for all experiments. Data in panels a and b were pooled from 2 independent 

experiments. c) Complete blood count and inflammatory marker measurements in sJIA patients pre-

treatment and 2 weeks after initiation of anakinra (n = 8). Statistical analyses (all two-sided): Mann-

Whitney U test (panel a,b); Wilcoxon signed-rank test (panel b). Median and error bars representing 

interquartile range are displayed in panels a,b. Source data are provided as a Source Data file. 

  



Supplementary Figure 3 

 

 

Supplementary Figure 3. Single Cell RNA-seq of peripheral leukocytes in IL1rn-/- mice. a) t-SNE 

plots of cell clustering based on scRNA-Seq of peripheral blood leukocytes from WT BALBc and IL1rn-

/- mice (n = 4 pooled per group). Cells were classified into seven subclusters based on expression of 

lineage defining markers. b) t-SNE feature plots and c) violin plots illustrating the expression of lineage 

defining cellular markers. d) Gene set enrichment analysis of Hallmark mTORC1 gene set in peripheral 

blood cells from IL1rn-/- mice and WT BALB/c mice. e) Heatmap display of leading-edge genes from the 

mTORC1 gene set in Ly6Chi monocytes and Ly6Clo monocyte subsets of IL1rn-/- mice and BALB/c mice. 

Data present mean expression in specified monocyte populations. Mice were 8-9 weeks old for all 

experiments. Statistical analysis: permutation test (panel d). Source data are provided as a Source Data 

file.  

  



Supplementary Figure 4 

 

  



Supplementary Figure 4. mTORC1 mediates the inflammatory effects of IL-1 signaling. a) 

Phospho-flow analysis of mTOR substrates in bone marrow Ly6Chi monocytes from WT and IL1rn-/- 

mice at baseline. Gray shades represent isotype control. Ex-vivo stimulation with lipopolysaccharide 

(100 ng/mL; 1 hr) was used as a positive control. b) phospho-flow analysis of S6 (S240/244) and Akt 

(S473) in bone marrow neutrophils and lymphocyte subsets from IL1rn-/- mice and WT BALB/c mice (n 

= 5 per group). c) Phospho-flow quantification of phosphorylated S6 (S240/244) and 4EBP1 (T37/46) 

in ER-Hoxb8 cells differentiated in the presence of IL-1β (50 ng/mL) or LPS (100 ng/mL). Mean 

fluorescence intensity was normalized to the mean of the PBS group. d) Flow cytometry plots and 

quantification of Ly6Chi monocyte development from ER-Hoxb8 cells (box) treated with PBS or IL-1, 

and in the presence of DMSO, rapamycin (500 nM) or SL0101-01 (10 nM; n = 3 per group). Mice were 

8-9 weeks old for all experiments. Panels b and c are pooled from 2 independent experiments. 

Statistical analyses (all two-sided): Mann-Whitney U test (panels b and c). Median and error bars 

representing interquartile range are displayed in panels b-c. Source data are provided as a Source Data 

file. 

  



Supplementary Figure 5  

 

Supplementary Figure 5. mTOR inhibition and phagocyte depletion modulate the inflammatory 

signature in IL1rn-/- mice. a) t-SNE feature plots of single-cell RNA-seq data illustrating the expression 

of lineage defining cellular markers. b) Plasma cytokine / chemokine levels in BALBc mice and IL1rn-/- 

mice treated with rapamycin or vehicle control for 10 weeks (BALBc, n = 4; Vehicle, n = 12; Rapamycin, 

n = 10). c) Enumeration of naïve T cells (CD62L+ CD44lo), central memory T cells (TCM; CD62L+ CD44+), 

effector memory T cells (TEM; CD62Llo CD44+), and regulatory T cells (Treg; CD4+ CD25+ Foxp3+) in the 

spleen of IL1rn-/- mice treated with rapamycin or vehicle control (n = 5 per group). d) Quantification of 

plasma IL-1β and CXCL1 levels in mice treated with PBS-liposomes or clodronate-liposomes for 6 

weeks (n = 5 per group). Mice were 8 weeks old for the experiment in panel a, 4 weeks old for the 

experiments in panels b, c, and 6 weeks old for experiments in panel d. Data in panels b were pooled 

from 2 independent experiments. Statistical analyses (all two-sided): Mann-Whitney U test (panels b, c 

and d). Median and error bars representing interquartile range are displayed in panel b. Bars in panel 

c and lines in panel d represent the median. Source data are provided as a Source Data file. 

  



Supplementary Figure 6 

 

 

Supplementary Figure 6. mTORC1 transcriptomic signature in patients with SD. a) Phospho-flow 

quantitation of phosphorylated S6 (S240/244) and 4E-BP1 (T37/46) expression in human monocytes 

stimulated with proinflammatory cytokines individually or in combination. Data are normalized to MFI of 

PBS-treated cells. b) Cluster plot and c) GSEA plots of Hallmark mTORC1 gene set enrichment in 

patients with JIA subtypes relative to healthy controls (data source: GSE21521 and GSE112057). HC, 

healthy controls; PsA, psoriatic arthritis. d) Comparison of mTORC1 gene score changes after initiation 

of canakinumab (Day 3 minus baseline) and clinical response after 24 weeks (data source: GSE80060). 

e) Heatmap of leading-edge genes in the Hallmark mTORC1 gene set before treatment and 3 days 

after canakinumab treatment grouped by American College of Rheumatology clinical response after 24 

weeks. weeks (data source: GSE80060). Statistical analyses (all two-sided): Mann-Whitney U test 

(panel a); permutation test (panel b,c), Wilcoxon signed-rank test (panel d). Bars in panel a represent 

the median. Source data are provided as a Source Data file. 

 

  



Supplementary Figure 7 

 

Supplementary Figure 7. Transcriptomic and proteomic signatures of SD in published datasets.   

a-b) Expression of IL-1 signaling, (c-d) IL-18 signaling and (e-f) unfolded protein response gene sets in 

healthy controls (n = 22), sJIA patients at baseline (n = 82) and sJIA patients (n = 69) before treatment 

and 3 days after canakinumab treatment, and correlations with clinical response after 24 weeks (data 

source: GSE80060). Clinical response in b, d and f was stratified according to American College of 

Rheumatology (ACR) score: ACR 0 / Non-responders (NR, n = 10), ACR30 (n = 6), ACR50 (n = 11), 

ACR70 (n = 16), ACR90 (n = 8), ACR100 (n = 11). A standardized composite gene score for each 

pathway was calculated from the expression of leading-edge genes (comparing healthy controls and 

SD). g) Expression of genes encoding key glycolytic enzymes in patients with SD across different 

transcriptomic studies. Arrows indicate increased expression compared to controls from the same study 

(p < 0.05). Statistical analyses (all two-sided): Mann-Whitney U test (panels a, c, e and g); Kruskal-

Wallace test (panel b, d and f). Median and error bars representing interquartile range are displayed in 

panels a-f. Source data are provided as a Source Data file.   



Supplementary Figure 8 

 

 

Supplementary Figure 8. Aberrant mTORC1 activation as a driver of hemophagocytosis. a) 

Representative confocal microscopy image and quantification of hemophagocytes in Tsc2 iKO mice 

transplanted with WT bone marrow and in WT mice transplanted with Tsc2 iKO bone marrow. Two high 

power fields (100x) were counted for each animal (n = 3 per group). Scalebar denotes 20 µM. Donor 

and recipient mice were 8 weeks old. b) Wright-Giemsa staining of sorted myeloid cell progenitors or 

monocytes from Ubiquitin-ERT2-Cre Tsc2 fl/fl mice cultured in the presence of 4OH-tamoxifen, SCF and 

M-CSF for 12 days and cocultured with erythrocytes for 24 hours. CMP, common myeloid progenitor; 

GMP, granulocyte-monocyte progenitor; CMoP, common monocyte progenitor. c) Sanger sequencing 

of monocytes electroporated with ribonuclear complex containing Cas9 and TSC2 guide RNA or control 

gRNA. Black line indicates gRNA sequence, red dotted line indicates protospacer adjacent motif and 

vertical black dotted line denotes predicted cleavage site with TSC2 gRNA. d) immunoblot of TSC2 and 



beta-actin in human monocytes treated with TSC2-gRNA or control gRNA. Expected molecular weight 

for TSC2 (200 kD) and actin (45 kD) are indicated. Outside lanes were loaded with protein standards. 

e) Confocal microscopy of phospho S6 (S240/244) and isotype staining in hemophagocytes from a 

patient with fulminant AOSD. Scalebar denotes 20 µM. f) Immunohistochemistry of phospho-S6 

(S240/244) in bone marrow section from patients with viral infection-associated MAS. Images in panels 

b, d are representative of 2 independent experiments. Images in panel e, f are derived from one 

experiment. Statistical analyses (all two-sided): Mann-Whitney U test (panel a). Median and error bars 

representing interquartile range are displayed in panel a. Source data are provided as a Source Data 

file. 
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