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Supplemental information 

Supplemental Methods  

Dendritic Cell Culture and Flow Cytometry 

To assess the effect of arctigenin on dendritic cell (DC) activation, purified PBMCs from 

food-allergic patients were cultured in 12-well plates at 2.5×106 cells/mL in GMP Dendritic Cell 

Medium (CellGenix, Portsmouth, NH) with 2 mM GlutaMax (Invitrogen/ThermoFisher Scientific, 

Waltham, MA). After 1 h, non-adherent cells were removed and frozen for T cell experiments 

(below). Adherent cells were cultured in DC medium with 1,000 U/mL IL-4 (R&D Systems, 

Minneapolis, MN) and 800 U/mL GM-CSF (sargramostim; Partner Therapeutics, Boston, MA) for 6 

days, with feeding of additional IL-4 and GM-CSF at day 3. On day 6 of culture, DCs were matured 

and activated in the presence or absence of arctigenin (1 µg/mL) in DC medium containing 30 ng/mL 

lipopolysaccharide (LPS; Millipore Sigma, St. Louis, MO), 1,000 U/mL IL-4, 800 U/mL GM-CSF, 

10 ng/mL TNF-α (R&D Systems), 100 ng/mL IL-6 (CellGenix), and 10 ng/mL IL-1β (R&D 

Systems). After 24 hours, cells were harvested and stained with a fixable viability dye 

(LIVE/DEAD™ Fixable Near-IR Dead Cell Stain Kit, Invitrogen/ThermoFisher Scientific) and 

washed with phosphate-buffered saline (PBS). Cells were then stained with fluorescently labeled 

antibodies specific for HLA-DR (clone L243, BioLegend, San Diego, CA), CD45 (clone REA747, 

Miltenyi Biotec, Auburn, CA), CD80 (clone L307.4, BD Biosciences, San Jose, CA), CD86 (clone 

IT2.2, BioLegend), CD3 (clone SK7, BioLegend), CD19 (clone HIB19, BioLegend), CD56 (clone 

MEM-188, BioLegend), CD83 (clone REA714, Miltenyi Biotec), and CD14 (clone HCD14, 

BioLegend) in the presence of Human FcR Blocking Reagent (Miltenyi Biotec). Data were acquired 

on a Cytoflex S (Beckman Coulter, Indianapolis, IN) and analyzed using FlowJo software (FlowJo, 

Ashland, OR). 

Apoptosis assay 

U266 cells were seeded in 24-well plates at a concentration of 2.5×105 cells/well. Cells were 

cultured in the presence or absence of arctigenin at concentrations (0.1, 1, 5, and 10 μg/mL) for 3 

days. Then cells were harvested and stained with Annexin V-FITC/PI Apoptosis Detection Kit 

(Beyotime, China, Shanghai). Data were acquired on a CytoFLEX (Beckman Coulter, China, 

Shanghai) and analyzed using FlowJo software (FlowJo, China, Shanghai). U266 cells were seeded 



in 96-well plates at a concentration of 2×104 cells/well. Cells were cultured in the presence or 

absence of arctigenin at concentrations (0.25, 1.25, 2.5, 5, and 10 μg/mL) for 3 days. Then cells were 

harvested (and counted by a cell counter (Countstar IC1000, China, Shanghai)). 10μL CCK8 solution 

were added to each well. Cells were incubated for another 3 hours, and data was recorded at 450 nm 

with a microplate reader (SpectraMax i3, Molecule Device Inc., USA) (data not shown). Growth 

inhibition data were calculated by the following formula: G rowth inhibition % = (Cell counts control 

- Cell counts arctigenin)/Cell counts control * 100%. 

=Supplement Figure legends 

Table S1. Primer sequences of identified genes. 

 

Table S2. List of genes with the contrary direction between medium vs stimulated and stimulated 

vs stimulated + treatment. 

 

Table S3. Acute and sub-chronic safety study. Mice (n=10 per group) were fed arctigenin at 15 

times (1 day) or 8 times (14 days) of therapeutic doses. Morbidity and mortality were observed daily 

for 14 days. At the end, biochemistry and complete blood account were determined after mice were 

scarified. BUN, Blood urea nitrogen; ALT, Alanine aminotransferase; AST, Aspartate 

aminotransferase; WBC, white blood cells; RBC, red blood cells; HGB, Hemoglobin; PLT, platelet; 

HCT, Hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin 

concentration; MPV, mean platelet volume. 

 

Figure S1. Extraction and isolation protocol for the arctiin and arctigenin compounds.  

 

Figure S2. Peanut-allergic mouse model protocol. C3H/HeJ mice were subjected to weekly 

intragastric peanut (PN) sensitization from week 0 through week 5 and boosted thereafter at weeks 

6, 8 and 10. Peanut-allergic mice were treated with arctigenin (at a dose of 13.3 mg/kg), or water 

beginning at week 11 and continued daily for 4 weeks (till week 14). Mice were challenged at week 

15 and then collected blood samples. 

 



Figure S3. Effect of Arctigenin on apoptosis (A), growth inhibition (B) and cell viability (C) in 

human U266 cells. After culturing for 3 days in the presence or absence of arctigenin at different 

concentrations, cells were harvested and stained with Annexin V-FITC/PI and detected by flow 

cytometry. Cell counts and cell viability were acquired by a cell counter. Data shown are means + 

SEM. n = 3 or 4. *=p <0.05; **= p <0.01; ***= p <0.001 vs 0 μg/mL arctigenin (red bars). 

 

Figure S4. Dendritic cell (DC) maturation is not significantly affected by arctigenin. Adherent cells 

from PBMCs from food-allergic patients were cultured for 6 days in DC medium supplemented 

with IL-4 and GM-CSF. DCs were matured with LPS, IL-4, GM-CSF, TNF-α, IL-6, and IL-1β in 

the presence or absence of 1 µg/ml arctigenin prior to staining. A: Gating strategy for DCs. Small 

cells and non-singlet events were first excluded. Live and CD45+ were selected before gating on 

HLA-DR+ and CD3/CD19/CD56- cells. Of the remaining cells, CD14- cells were selected before 

examining staining for CD80 and CD86. Gates were set using Fluorescence Minus One (FMO) 

control. Shown are representative histograms for DCs matured in the presence (green) or absence 

(red) of arctigenin. B: Frequency of CD80+ and CD86+ DCs matured in the presence (green) or 

absence (red) of arctigenin. Data shown are means + SEM. n = 5. 

 

  



Table S1. The primer sequences. 

 

  

Genes 
Primer sequence (5' to 3') 

Forward Reverse 

UBE2C 5’ -CATTGGCTGGATCAAACCCA-3’ 5’-GGAGAACACGACTGCAACTG-3’ 

CDC20 5’- GACCACTCCTAGCAAACCTGG-3’ 5’-GGGCGTCTGGCTGTTTTCA-3’ 

CDC45 5’-CTGCTCGTAGTCAAAGAGGATGT-3’ 5’-AGAGGAGATAGTGGAGCAAACC-3’ 

KIF2C 5’-GTGTCTGTGTTAGGAAACGCCC-3’ 5’-CACTTGCTAGGAATGGAAATCACAT-3’ 

BIRC5 5’-AGGAC CACCG CATCT CTACAT-3’ 5’-AAGTC TGGCT CGTTCTCAGTG-3’ 

MKI67 5’-GCCCCAACCAAAAGAAAGTCT-3’ 5’-AGCTTTGTGCCTTCACTTCCA-3’ 

CCNB1 5’-GACCTGTGTCAGGCTTTCTCTG-3’ 5’-GGTATTTTGGTCTGACTGCTTGC-3’ 

E2F1 5’-GCTGGACCACCTGATGAATATCT-3’ 5’-GGAGGGGCTTTGATCACCATAA-3’ 

FEN1 5'-GGG UCAAGAGGCUGAGUAATT-3’ 5'-TTCCCAGUUCUCCGACUCAUU-3’ 

BCL6 5’-CTGGCTTTTGTGACGGAAAT-3’ 5’-CTGGCTTTTGTGACGGAAAT-3’ 

SPARC 5’-GCAGCAATGACAACAAGACCT-3’ 5’-ATTCGGTCAGCTCAGAGTCCA-3’ 

CCL19 5’GTGACCTGCATTAACTCTTTACTTGC-3’ 5’-TATGGCTCTGGCTCTACTGGTTG-3’ 

GAPDH 5’-GAGGCAGGGATGATGTTCTG-3’ 5’-CAGCCTCAAGATCATCAGCA-3’ 



Table S2. The genes (p < 0.05) with the contrary direction between medium vs (rIL4 + anti CD40) 

stimulated and stimulated vs stimulated + arctigenin treatment. 

Items 

Genes 

Groups Direction 

Medium vs Stimulated Up UBE2C, CCNB2, CCNB1, CDK1, CCNA2, CDKN3, 

BUB1, TPX2, RRM2, PTTG1, PCNA, NCAPG, CDC20, 

CDCA5, CDCA8, CDC25A, NEK2, MKI67, KIF2C, 

KIF20A, KIF11, FEN1, MCM2, MCM4, MCM10, RFC2, 

RFC3, PCNA, HDAC1, BIRC5, ZWINT, RAB3C, 

GDF10, CCL19, GTSE1, TNFRSF11A, TYMS, TLR5  

Stimulated vs 

Stimulated +Treatment 
Down 

Medium vs Stimulated Down SPARC, BCL6, HDAC9, C5AR1, ITGAX, OLR1, FPR1, 

SLC7A11, GATA2, CUBN, JMJD7-PLA2G4B, LY86, 

CCR3, MS4A2, CD9, SERPINA1, MARCO, ABCA7, 

CXCL16, TGM2, MERTK, CHKB-CPT1B, CLN8 

Stimulated vs 

Stimulated + Treatment 
Up 

 

  



Table S3. Acute and sub-chronic safety study. 

Items Water 
Arctigenin 

(Chronic) 

Arctigenin 

 (Acute) 
Reference 

Dose 5× 5× 10× - 

Time 14 days 14 days 1 day - 

Death 0/6 0/6 0/6 - 

Morbidity Percent 0 0 0 - 

BUN (mmol/L) 8.37 ± 1.32 8.52 ± 0.77 8.04 ± 1.31 8.45 ± 1.73 

AST (u/L) 133.17 ± 10.23 138.67 ± 24.22 134.83 ± 28.64 147.40 ± 66.79 

ALT (mmol/L) 45.83 ± 18.45 52.83 ± 14.32 54.50 ± 17.61 45.73 ± 37.32 

WBC (x10
9
/L) 8.23 ± 1.24 7.45 ± 0.81 8.61 ± 0.88 9.91 ± 3.29 

RBC (x10
9
/L) 9.49 ± 1.11 8.93 ± 0.99 9.17 ± 0.77 9.49 ± 2.79 

HGB (g/L) 145.5 ± 19.13 129.3 ± 15.93 139.50 ± 10.01 136.50 ± 28.45 

PLT (x10
9
/L) 665.7 ± 183.52 589.7 ± 135.91 655.50±113.29 644.93 ± 197.15 

HCT (%) 44.55 ± 5.62 37.80 ± 4.95 42.70 ± 3.43 41.35 ± 10.84 

MCV (FL) 46.87 ± 0.83 41.49 ± 3.42 46.60 ± 1.73 44.93 ± 6.13 

MCH (PG) 15.30 ± 0.45 15.27 ± 0.46 15.25 ± 0.55 14.91 ± 1.31 

MCHC (g/L) 326.32 ± 5.01 300.17 ± 6.47 326.81 ± 4.71 321.20 ± 9.74 

Note: BUN, Blood urea nitrogen; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; 

WBC, white blood cells; RBC, red blood cells; HGB, Hemoglobin; PLT, platelet; HCT, Hematocrit; 

MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; MPV, Mean 

platelet volume. 
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