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Supplementary Methods 

Antibodies and reagents 

Fluorochrome-conjugated anti-mouse antibodies were purchased from the indicated resource: 

APC-Cy7 conjugated anti-Gr1(Biolegend, Catalog No. 108424 ), PE conjugated anti- CD115 

(Biolegend, Catalog No. 135505), APC conjugated anti-F4/80 (Biolegend, Catalog No. 123115), 

Pacific blue conjugated anti-CD80 (Biolegend, Catalog No. 104723), PE-Cy7 conjugated anti-

CD206 (Biolegend, Catalog No.141719), APC conjugated anti-CD3 (eBioscience, Catalog No. 

17-0032-82), PE conjugated anti-CD4 (eBioscience, Catalog No.12-0042-81), APC-Cy7 

conjugated anti-CD8 (Biolegend, Catalog No. 100713), APC conjugated anti- 

NK1.1(eBioscience, Catalog No.17-5941-81), eFluor450 conjugated anti-DX5 (eBioscience, 

Catalog No.48-5971-80), Dylight 405 conjugated anti-HIF1A (Novus, Catalog No. NB100-

479V), PE-Cy7 conjugated anti-CD107a (Biolegend, Catalog No. 121619), PE-Cy7 conjugated 

anti-NKp46 (eBioscience, Catalog No. 25-3351-80), Pacific Blue conjugated anti-IFN-γ 

(Biolegend, Catalog No. 505817), Pacific Blue Rat IgG1κ isotype (Biolegend, Catalog No. 

400419). Anti-HIF1A (Novus, Catalog No. NB100-449) antibody was used for Western blot at a 

dilution of 1:1000. CpG1826 oligonucleotide with phosphorothioate modification was 

synthesized by IDT. Fixation/Permeabilization buffer for intracellular IFN-γ staining and 

transcription factor buffer for intracellular HIF1A staining were purchased from BD Bioscience.   

LCMV-infected Prf1
-/- 

mouse model was generated as described
1
. Briefly, Prf1

-/- 
mice were 

infected with LCMV-WE of 200 plaque-forming units (PFU) via intraperitoneal injection. Mice 

were sacrificed for analysis at 14 days after inoculation. Repeated CpG-treated mouse model was 

generated as described
2, 3

. Briefly, 75 μg of CpG DNA was injected intraperitoneally to wild type 

mice on day 0, 2, 4, 6, 8. On day 9, peripheral blood was sampled from retro-orbit after 

anesthesia. A complete blood count was performed on a Hemavet analyzer. Then mice were 

euthanized and organs were taken for analysis.  

Bioinformatic analysis 

Two published microarray data from PBMCs of FHL patients and healthy donors (GSE26050) 

and sJIA patients and healthy donors (GSE7753) were analyzed
4, 5

. Transcription factor-target 

enrichment analysis was performed by the software of AltAnalyze (version 2.1.0)
6
. Differentially 

expressed genes between patients and healthy donors were selected based on a fold change > 1.5 

and p < 0.05 in AltAnalyze. GSEA was performed to analyze enrichment of HIF1A signature in 

FHL and SJIA dataset. Upregulated genes with fold change more than 2.0 in HIF1A transduced 

CD34
+
 human cord blood compared to empty vector transduced cells from a published 

microarray data (GSE54663) were used as the HIF1A induced gene set. The overlapped leading 

edge genes from GSEA analysis to FHL and sJIA datasets were analyzed online 

(http://bioinfogp.cnb.csic.es/tools/venny/index.html). Gene ontology analysis to the overlapped 

leading edge genes was performed online (https://david.ncifcrf.gov).     

Flow cytometry  

Single cells were separated and suspended from peripheral blood, bone marrow, spleen, and 

liver. Cell surface markers were stained with standard protocols. For intracellular IFN-γ staining, 

splenocytes were separated from mice and incubated with 10 ng/ml PMA, 750 ng/ml ionomycin, 

and GolgiStop (Monensin) at 37 °C for 4-5 h. After wash, cell surface markers were stained 

followed by fixation and permeabilization. Then intracellular IFN-γ was stained using anti- IFN-

γ monoclonal antibody and isotype antibody. For cell surface CD107a staining, splenocytes were 

separated and were restimulated with PMA, ionomycin, and GolgiStop at the same concentration 

as mentioned above along with anti-CD107a monoclonal antibody for 5 h. Then, cells were 

https://david.ncifcrf.gov/


washed and stained with other cell surface markers. Intracellular HIF1A staining was performed 

with Dylight 405 conjugated anti-HIF1A antibody (Novus, Catalog No. NB100-479V) following 

cell surface staining and subsequent fixation and permeabilization by transcription factor buffer 

(BD Biosciences). Flow cytometric analysis was performed using FACS Canto II (BD 

Biosciences). Data were analyzed by FlowJo version 10.1.1 (Tree Star, Ashland, OR).  

ELISA  

Multi-Analyte Elisa Array kit was purchased from Qiagen (Catalog No. 336161), mouse ferritin 

ELISA kit was purchase from Abcam (Catalog No. ab157713), and used according to the 

manufacturer’s instructions.  

Western Blot 

Whole cell extract was prepared by lysing cells in a 2×sodium dodecyl sulfate (SDS) sample 

buffer containing 0.2 mM Na3VO4, 10 mM NaF, 1mM phenylmethylsulfonyl fluoride (Sigma-

Aldrich), 10 mM β-Glycerophosphate, 2.5 mM dithiothreitol, 5% 2-mercaptoethanol, 1 mM 4-

Amidinophenylmethanesulfonyl Fluoride Hydrochloride (Sigma-Aldrich), and proteinase 

inhibitors (Sigma-Aldrich, Roche Diagnosis) followed sonication. Samples were boiled at 95 °C 

for 10 minutes and loaded to SDS-polyacrylamide gel electrophoresis (PAGE) and 

electrotransferred to polyvinylidene fluoride (PVDF) membranes (Millipore). The following 

primary antibodies were used: anti-HIF1A (NB100-449, Novus), anti-β-Actin (sc-1616R, Santa 

Cruz). Horseradish peroxidase-conjugated antibody to rabbit (NA934V, GE Healthcare) was 

used as the secondary antibody. Super Signal West Dura Chemiluminescent Substrate (Pierce) 

was used for ECL detection. ImageJ software was used for quantification. 

Histology  

Liver, spleen, and femur or sternum were fixed in formalin and embedded in paraffin. Organs 

were sectioned and stained with hematoxylin and eosin (H&E). Images were captured using 

Motic BA310 biological lab microscope with Motic Image Plus 2.0 software at an original 

magnification of ×400.  

Generation of bone marrow derived macrophages  

Cells were harvested from bone marrow and cultured at a concentration of 1×10
6
/ml in DMEM 

F12 complete medium containing 20 ng/ml M-CSF in 37 °C, 5% CO2 incubator. Change 

medium every 3 days. IFN-γ (final concentration as 20 ng/ml) or IL-4 (final concentration as 20 

ng/ml) were added to culture medium for 24 h to generate type 1 or type 2 polarized 

macrophages.    

Assay to determine the capacity of macrophages to engulf erythroblasts 

Preparation of erythroblasts was previously described
7
. Briefly, 0.5 ml blood was withdrawn 

from mice. Four days later, cells were harvested from the mice’s spleen and passed through a 

mesh, erythroblasts were collected by density gradient centrifugation on 70% Percoll and added 

to incubate with macrophages for 12 h. Cytospin was prepared followed by Giemsa staining. 

Engulfment of erythroblasts by macrophages was observed under microscope. Three random 

fields were captured at ×100 magnification, the percentage of macrophages engulfing 

erythroblasts in total macrophages was determine.              
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Supplementary Figure S1. HIF1A cooperates with multiple transcription factors to play a role in HLH. (A-B) 

FHL and sJIA datasets were analyzed by AltAnalyze software. Schematic diagrams of predicted top transcription 

factors involved in FHL (A) and sJIA (B) were shown. The size of the indicated transcription factor is related to the 

number of its target genes in HLH. (C-E) Heatmaps of indicated transcription factors in FHL patients versus 

healthy donors (C), FHL patients with versus without a genetic diagnosis (D), sJIA patients versus healthy donors 

(E) were shown. (F) GSEA plot showing no significant difference of HIF1A signature enrichment between FHL 

patients with and without a genetic mutation. ns: non-significant.  
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Supplementary Figure S2. Vav1-Cre/LSL/TPM mice have comparable level of HIF1A 

with CpG injected C57/B6 mice. Doxycycline was administrated to Vav1-Cre/LSL/TPM and 

Vav1-Cre/LSL/WT, CpG or PBS was injected i.p. to wild-type mice. On day 5 after 

doxycycline and day 9 after CpG initiation, mice were sacrificed and analyzed. 

Representative cytometry flow plot showing HIF1A level in splenic macrophages in indicated 

mice (Gated on Gr1-CD115-F4/80+SSClow ).  
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Supplementary Figure S3. Induction of HIF1A/ARNT allele in hematopoietic cells 

reduces bone marrow cellularity, and disrupts normal splenic structure in C57/B6 mice. 

(A) Representative sections of bone marrow from Vav1-Cre/TPM mouse, and control mouse 

at an original magnification of × 400. (B) Representative sections of spleen from Vav1-

Cre/TPM mouse, and control mouse at an original magnification of × 400. 
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Supplementary Figure S4. Vav1-Cre/TPM mice have robust erythropoiesis in bone 

marrow and spleen. Representative of flow cytometry dot plots showing differentiation of 

erythrocytes in bone marrow and spleen after doxycycline induction in Vav1-Cre/TPM mice 

and control mice. 1-6 in dot plot of CD44 versus FSC indicates proerythroblasts, basophilic 

erythroblasts, polychromatic erythroblasts, orthochromatic erythroblasts, reticulocytes, and 

mature red cells, respectively.  
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Supplementary Figure S5. Serum cytokines and chemokines are elevated in TPM induced 

mice. Serum of 6 Vav1-Cre/TPM and control mice was pooled, respectively. Indicated cytokines 

and chemokines were measured by ELISA. The ratio of OD value of Vav1-Cre/TPM mice over 

control mice was shown.  
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Supplementary Figure S6. Expression of genes in overlapped leading edge genes of GSEA from 

FHL and sJIA datasets are increased in peripheral blood of TPM induced mice. (A) Table showing 

19 validated genes from overlapped leading edge genes of GSEA from FHL and sJIA datasets. The 

known HIF1A direct target genes are marked blue. (B) Relative mRNA expression of indicated genes 

was measured by qRT-PCR in PBMCs of Vav1-Cre/TPM mice and control mice. 
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Supplementary Figure S7. Intrinsic induction of TPM/ARNT in NK cells does not change the 

percentage of total NK cells and mature NK cells in bone marrow and peripheral blood. Ncr1-

iCre/LSL/TPM mice were generated, LSL/TPM mice were served as control.  Ncr1-iCre /LSL/TPM mice 

and LSL/TPM mice were administrated with doxycycline. (A, C) GFP in NK cells was shown in bone 

marrow (A) and peripheral blood (C). (B, D) Representative flow cytometry dot plots show total NK cells 

and mature NK cells in bone marrow (B) and peripheral blood (D). 
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Supplementary Figure S8. The number of dendritic cells does not change at a late stage in 

TPM induced mice. Vav1-Cre/TPM and control mice were administrated with doxycycline. The 

percentage (A) and absolute number (B) of pDC, CD11b+cDC, and CD8+cDC in spleen on day 6 

after doxycycline induction were shown. #: absolute number. ns: non-significant.  
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Supplementary Figure S9. IFN-γ polarized type 1 macrophages engulf erythroblasts in vitro. (A) 

Representative plots showing IFN-γ polarized type 1 macrophages (left) rather than IL-4 polarized type2 

macrophages (right) engulfing erythroblasts. (B) Table showing quantitation of polarized macrophages 

engulfing erythroblasts. * indicates P value between percentage of type 1 polarized macrophages with 

erythroblasts and that of type 2 polarized macrophages with erythroblasts. 
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Supplementary Figure S10. Most of the TPM/ARNT induced HLH like phenotypes cannot be 

rescued in IFN-γ deficient mice. Ifng-/-/Vav1-Cre/LSL/TPM (Ifng -/-/TPM) mice were generated. Ifng-/-

/Vav1-Cre/LSL/WT (Ifng -/-/WT) mice served as their control. Ifng-/-/TPM, Ifng-/-/WT, Vav1-Cre/TPM, 

Vav1-Cre/WT mice were administrated with doxycycline. (A-B) Hemoglobin (A) and platelets (B) on day 

8 after doxycycline induction were shown. (C) Kaplan-Meier analysis of survival of Ifng-/-/TPM (n=8), 

Ifng-/-/WT (n=8), Vav1-Cre/TPM (n=32), Vav1-Cre/WT (n=26) mice was shown. Statistics analysis 

showed that there was a significant difference between Ifng-/-/TPM and Ifng-/-/WT mice (P<0.0001), but 

no significant difference between Ifng-/-/TPM and Vav1-Cre/TPM mice (P>0.05).  




