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Supplementary Figures: 

 

 

Fig. S1. OVA-primed mice had stronger anti-bactericidal capacity and produced more 

proinflammatory cytokines 

(A) Blood bacterial CFU determined from blood 3 h post SA infection in control or OVA-primed 

mice. (B) Survival curve of control or 7 days post-OVA-primed mice after S. aureus infection. (B) 

IL-6 and TNF were determined from peritoneal fluid taken 3 hours post LPS injection.  
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Fig. S2. IL4 administration promotes pro-inflammatory cytokines production under LPS 

stimuli. 

(A) Short-term (Day 2) or long-term (Day 6) IL-4 stimulated BMDMs were stimulated with LPS 

for 4 hours, and mRNA were harvested were subsequent qPCR analysis for the expression of IL-

10. (B) BMDMs stimulated shortly with IL-4 for 24 hours or receiving persistent IL-4 stimulation 

for 6 days were stimulated with LPS. 24 hours post LPS stimulation, the supernatant was harvested 

for IL-6 and NO determination. *P < 0.05, unpaired, two-tailed Student’s t-test. Data are 

representative of 3 independent experiments with 3 to 4 samples per group (mean ± SD). 
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Fig. S3. Gene ontogeny enrichment analysis of BMDMs stimulated with IL-4 at different 

time points. 

Differential gene expression analysis between the control, IL-4 24 hours stimulated, and IL-4 

trained BMDMs at day 6 were subdivided into 9 clusters. GO analysis for (A) molecular function 

and (B) KEGG pathway were presented. 
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Fig. S4. KEGG enrichment analysis of BMDMs stimulated with LPS with or without IL4. 

(A) Control and IL-4 trained BMDMs (day 6) were stimulated with LPS or left untreated for 4 

hours. LPS upregulated genes were filtered out and the expression level was ranked normalized 

according to the Log2FC value between the control-LPS group and IL-4 -LPS group. Genes were 

further divided into three clusters: trained (Log2FC ≥0.5), unaffected (0.5 ≥ Log2Fc ≥ -0.5), 

and tolerant (Log2FC ≤ -0.5). (B) Gene ontogeny analysis of genes in the trained clusters. 
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Fig. S5. IL-4 and IL-13 induce trained immunity in macrophages. 

BMDMs were treated with different cytokines for 24 hours. BMDMs were then washed once with 

PBS and rest for additional 5 days. On day 6, BMDMs were stimulated with LPS for 24 hours and 

the supernatant was harvested for (A) cytokine, (B) NO and (C) lactate measurement. 
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Fig. S6.  

 qPCR analysis of M2 signature gene expression from IL-4 stimulated macrophages in the 

presence of (A) BPTES, (B) GSK-J4, (E) AS1517499, or (I) NT157. (C) Gene expression of IL-

6 and IL-10 and (D) IL-6 and NO production from BMDMs pretreated with GSK-J4 then 

stimulated with IL-4 and then rested for additional 5 days. (D) Proinflammatory gene expression 

and (E) IL-6 and NO production were determined following LPS stimulation. Western blot from 
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cell lysate harvested from BMDMs stimulated with IL-4 for the various duration in the presence 

or absence of (F) STAT6 inhibitor or (J) IRS inhibitor. Antibodies specific for endogenous p-

STAT6 and actin were used to blot the target protein. Representative blots of three independent 

experiments are shown. BMDMs were pretreated with AS15171499 for 30 minutes, and then 

stimulated with IL-4 for 24 hours. (G) BMDMs were then restimulated with LPS or (H) rested for 

an additional 5 days and then stimulated with LPS for 24 hours. Culture supernatant was then 

harvested for cytokine and NO determination. 

  



 

 

8 

 

 
 

Fig. S7. Histone methylation modification mediates trained immunity orchestrated by IL4. 

 Representative ATACseq screenshots of control or IL-4 stimulated BMDMs in the gene region of 

(A) M2 gene such as Arg1 and Erg2 and (B) pro-inflammatory genes IL-6 and IL-12a. The dashed 

box pointed to IL-4 enriched region. (C) Peak distributions of differential expressed H3K4me1 

peaks in M2 upregulated gene set and trained gene set between control and IL-4 treated BMDMs. 

(C) The gene expression profile of selected genes at basal state or 4h-post LPS stimulation. (D) 

Control or WDR5 stable knockdown Raw264.7 cells were pre-treated with IL-4 for 24 hours and 

stimulated with LPS for 4 hours to assess the mRNA expression of IL-6 and IL-1β by qPCR. (E) 
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qPCR mRNA expression of cytokine genes in BMDMs pre-treated with MTA for 30 minutes 

followed by 24 hours IL-4 stimulation. The gene expression was determined 4 hours post LPS 

stimulation. (F) IL-6 and NO production was determined from 24 hours supernatant post LPS 

stimulation. *P < 0.05, unpaired, two-tailed Student’s t-test. Data are representative of 3 

independent experiments with 3 samples per group (mean  SD). (D) WDR5 protein expression 

after WDR5 shRNA knockdown was determined by western blot. (E) BMDMs were pretreatment 

with MTA for 30 minutes and subsequently stimulated with IL-4 for 24 hours. Expression of Arg1 

and Retnla was determined by qPCR. 
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Fig. S8. Metabolic characterization of IL-4 induced trained immunity in macrophages. 

(A) Western blot from cell lysate harvested from control or IL-4 stimulated BMDMs at 24 hours 

or 3 hours post LPS stimulation. Antibodies specific for endogenous GLUT1, HK3 and actin were 

used to blot the target protein. Representative blots of three independent experiments are shown. 
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(B) IL-4 stimulated BMDMs at 24 hours were stimulated with LPS. The supernatant was harvested 

24 hours post LPS and lactate level was determined. (C) Cell energetic profiles of BMDMs from 

control, short-term (24h), or long-term (day6) IL-4 stimulated group at both basal and LPS 

stimulated states were depicted. (D) Representative metabolites derived from 13C6-Glucose 

following TCA cycle pathway determined by LC-MS were shown. Experiments were done in both 

glutamine supplemented and glutamine-free conditions. 
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Fig. S9. One carbon metabolism and serine synthesis pathway were increased by IL4 

stimuli. 

(A) PCA analysis of metabolomics data obtained from BMDMs stimulated with short-term (24h) 

or long-term (day6) IL-4 at basal or LPS stimulated state. (B) Differential metabolites analysis 

between BMDMs stimulated with short-term (24h) or long-term (day6) IL-4 after LPS stimulation. 

(C) Representative metabolites derived from 13C6-Glucose following one-carbon metabolism 

pathway determined by LC-MS were shown.  
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Supplementary Tables: 

 

Primer Sequences for RNA analysis 

β2m F TTCTGGTGCTTGTCTCACTGA 

β2m R CAGTATGTTCGGCTTCCCATTC 

Ym-1 F CAGGTCTGGCAATTCTTCTG AA 

Ym-1 R GTCTTGCTCATGTGTGTAAG TGA 

Fizz-1 F TCCCAGTGAATACTGATGAGA 

Fizz-1 R CCACTCTGGATCTCCCAAGA 

Arg1 F CCAGAAGAATGGAAGAGTCAGTGT 

Arg1 R GCAGATATGCAGGGAGTCACC 

TNF-α F CCCTCACACTCAGATCATCTTCT 

TNF-α R GCTACGACGTGGGCTACAG 

IL-6 F TAGTCCTTCCTACCCCAATTTCC 

IL-6 R TTGGTCCTTAGCCACTCCTTC 

IL-10 F GCTCTTACTGACTGGCATGA 

IL-10 R CGCAGCTCTAGGAGCATGTG 

IL-12 F CAATCACGCTACCTCCTCTTTT 

IL-12 R CAGCAGTGCAGGAATAATGTTTC 

IL-1β F TTCAGGCAGGCAGTATCACTC 

IL-1β R GAAGGTCCACGGGAAAGACAC 

NOS2 F GGAGTGACGGCAAACATGACT 

NOS2 R TCGATGCACAACTGGGTGAAC 

CD86 F CTGGACTCTACGACTTCACAATG 

CD86 R AGTTGGCGATCACTGACAGTT 

 

Table S1. Sequences of primers used for quantitative real-time PCR. F and R refer to forward 

and reverse primers for quantitative real-time PCR. 
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shRNA sequences used for stable gene knockdown 

WDR5-1 GCAGCGTTAGAGAACGACAAA 

WDR5-2 GCCGTTCATTTCAACCGTGAT 

 

Table S2. Short hairpin RNA sequences were listed. The sequences were used to construct 

knock-down plasmids targeted WDR5. 
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