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Supplementary Figures and Legends 
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Figure S1. Liver is an extramedullary reservoir for LSCs.   

A, Hematoxylin and eosin (H&E) staining of liver sections from normal and leukemic mice. For 

10X, scale bar represents 100 µm; for 20X, scale bar represents 50 µm.  

B-C, BM and liver leukemic burden (B) and LSC percentage (C) in leukemic mice suffering from 

late stage of the disease (day 15 post leukemic transplantation) (n=5).  

D-E, BM and liver leukemic burden (D) and LSC percentage (E) in MLL-AF9 leukemic mice (early 

disease stage mice were sacrificed at day 17 post leukemic transplantation, late disease stage 

were at day 23 post transplantation) (n=3).  

F, Liver bulk leukemia cells (CD45+/GFP+ cells) that contained different percentage of LSCs were 

isolated from MLL-AF9 leukemic mice. These cells were transplanted into recipient mice to 

examine the presence of functional LSCs in liver (each group of liver leukemia cells were injected 

into 3 recipients; 0.1 million cells / mouse). Survival of recipients was monitored (n=12). Flow 

analyses of engraftment were performed to prove that death was caused by leukemic disease.  

G, Liver bulk leukemia cells (CD45+/GFP+/tdTomato+ cells) from FDN mice were isolated and 

transplanted into recipient mice (2 million cells / mouse). Survival of recipients was monitored 

(n=7). Flow analyses of engraftment were performed to prove that death was caused by leukemic 

disease. 

H, Flow profiles of leukemia cells injected into recipient mice for homing assays shown in Fig. 1G.  

I, BM and liver LSC percentage in mice shown in Fig.1G.  

Error bars denote mean ± SD. *p<0.05, **p<0.005.  
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Figure S2. Liver resident LSCs are distinct in gene signature and metabolism.  

A, Gating strategy for BrdU staining shown in Fig. 2B. 

B, Enriched signaling pathways in BM LSCs compared to liver LSCs.  

C, Expression of inflammation related genes in BM and liver LSCs. Error bars denote mean ± SD 

from triplicates. Primer sequences were shown in Supplementary Table S2.  
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D, Relative amount of PUFAs in liver and BM c-kit+/lin- MLL-AF9 leukemia cells (n=5). 

E, BM and liver LSC percentage in leukemic mice shown in Fig. 2F (n=4).  

F, LSC were isolated and treated with LA (10 µM) for 48 h with or without the presence of the Erk 

inhibitor SCH772984 (1 µM) and cell number was determined. Error bars denote mean ± SD from 

triplicates.  

G, Expression of indicated proteins in BM and liver c-kit+/lin- leukemia cells from MLL and FDN 

mice. 

H, BM and liver LSC percentage in leukemic mice shown in Fig. 2I.  

Error bars denote mean ± SD. **p<0.005. 
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Figure S3. LIPG protects LSCs from chemotherapy.  

A, Heat map showing the expression of genes included in the glycerolipid metabolism pathway.  

B, Total plasma cholesterol level in normal and leukemic mice (n=6-7).  

C, Immunoblotting demonstrated that LIPG was overexpressed.  

D-E, Spleen weight (D), BM and liver LSC percentage (E) in mice shown in Fig. 3H (n=4-5).  
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F, Vector-expressing and LIPG-OE bulk leukemia cells were cultured in vitro with or without the 

presence of HDL (100 µg/ml) or Ara-C (2 µM) for 24 h. Cell viability was examined. Error bars 

denote mean ± SD from triplicates.  

G, Bulk leukemia cells were treated with Ara-C (5 µM) with or without the presence of LA (10 µM) 

for 24 h. Cell viability (left panel) and LSC percentage (right panel) were examined. Error bars 

denote mean ± SD from triplicates.  

Error bars denote mean ± SD. *p<0.05 , **p<0.005, ***p<0.0005,  ****p<0.00005. 
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Figure S4. ABT-263 sensitizes LIPG OE leukemia cells to chemotherapy.  

A-B, Bulk leukemia cell viability (A) and LSC enrichment (B) upon challenged with 

chemotherapeutic drugs (2 µM Ara-C or 1.5 µM Doxorubicin) or ABT-263 (0.1 µM) or both for 24 

h. Error bars denote mean ± SD from triplicates.  
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C, BM leukemia cell number (per tibia + femur) of mice shown in Fig. 4B (n=5).  

D, BM LSC percentage of mice shown in Fig. 4C (n=5). 

E, Spleen weight of mice shown in Fig. 4D (n=5).  

F-G, BM leukemia burden (F) and LSC percentage (G) of mice shown in Fig. 4F (n=5).  

Error bars denote mean ± SD.*p<0.05, **p<0.005, ***p<0.0005 and ****p<0.00005.  
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Figure S5. LIPG regulates BCL-2 protein stability and cellular redox state. 

A, Protein level of LIPG in lin- leukemia cells electroporated with Cas9-sgRNA complexes 

targeting LIPG (sg1-3) or a negative control (sgN). Sg3 was selected for downstream experiments.  

B, LSC cell number (per whole liver or per tibia + femur) and fold changed of LSCs in mice showed 

in Fig. 5B (n=4). 

C-D, LIPG KO and control bulk leukemia cells were treated with vehicle, Ara-C (2 µM) or 

doxorubicin (1.5 µM) (Dox) for 24 h. Viability of leukemia cells (B) and LSC percentage (C) were 

examined. Error bars denote mean ± SD from triplicates. 

E, Lin- leukemia cells were treated with indicated doses of CHX for indicated time periods. BCL-

2 protein level was examined.   



 11 

F, Bulk leukemia cells were treated with H2O2  (1mM) for 1 h. Cells were harvested and washed 

with PBS and then stained with CellRox Deep Red for 30 min at 37 ⁰C followed by LSC marker 

staining. Mean value of CellRox Deep was monitored for determination of cell ROS level. Error 

bars denote mean ± SD from triplicates. 

G, Bulk leukemia cells were treated with indicated doses of  H2O2 for  24 h. Viability and LSC 

percentage were determined. Error bars denote mean ± SD from triplicates. 

Error bars denote mean ± SD.*p<0.05, **p<0.005, ***p<0.0005.  
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Figure S6. Leukemic infiltration induces liver damages and creates a chemo-protective 

microenvironment.  

A, Liver weight (unperfused) in normal and leukemic mice (n=6).  

B-F, Representative plots showing kinetic analyses of the activity of serum enzymes including 

AST (B), ALT (C), XO (D), GGT (E) and CDA (F). Three curves were shown for the normal and 

leukemic groups.  

G, A diagram shows portal and hepatic veins where plasma samples were collected shown in Fig. 

6H and 6I.  
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H-I, Representative plots showing kinetic analyses of the activity of CDA (H) and AST (I) in plasma 

collected from portal and hepatic veins. Three curves were shown for the normal and leukemic 

groups.  

J, BM and Liver LSC percentage in leukemic mice shown in Fig. 6J.  

Error bars denote mean ± SD.*p<0.05 , ****p<0.00005. 
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Figure S7. Human leukemia cells infiltrate liver and display similar phenotypes.  

A, Engraftment of human leukemia cells in BM and perfused liver from NSG mice transplanted 

with different human leukemia samples (n=3-5). 
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B, Leukemic NSG mice were injected with BrdU (2 mg/kg, i.p.). Mice were sacrificed 180 min after 

injection and tissues were harvested to detect the incorporation of BrdU into human leukemia 

cells (n=5).  

C, Leukemic patient cells were treated with LA (20 µM) for 45 min. Cells were harvested to 

determined Erk activation.  

D, Leukemic NSG mice were treated with LA starting day 10 after transplantation (200 mg/kg, i.p., 

every other day). Mice were taking down at day 35 after transplantation. BM and liver leukemic 

burden were examined (n=6). 

E, Leukemic NSG mice were treated with SCH772984 starting day 15 after transplantation (50 

mg/kg, i.p., every other day). Mice were sacrificed at day 40 after transplantation. BM and liver 

leukemic burden were examined (n=5). 

F, Leukemic NSG mice were treated with chemotherapy consisting of 3 d treatment of doxorubicin 

(1 mg/kg, i.p., first 3 days) and 5 d treatment of Ara-C (30 mg/kg, i.p.) starting day 45 after 

transplantation. After chemotherapy, mice were sacrificed to determine BM and liver leukemic 

burden, leukemic cell number and fold changed (per whole liver or per femur + tibia) (n=2-4).  

G, Plasma HDL and VLDL/LDL levels in normal and leukemic NSG mice (n=6).  

H, Expression of LIPG mRNA in surviving leukemia patient cells after 24 and 48 h treatment of 

Ara-C (7.5 µM) or doxorubicin (Doxo) (5 µM). Error bars denote mean ± SD from triplicates.  

I, Expression of BCL-2 and BCL-XL proteins in surviving leukemia patient cells after 48 h 

treatment of Ara-C (A) (7.5 µM) or doxorubicin (D) (5 µM). V represents vehicle.  

J, Leukemia patient cells were treated with either vehicle, ABT-263 (0.5 µM), chemotherapeutic 

drugs (7.5 µM Ara-C or 5 µM doxorubicin) or chemotherapeutic drugs combined with ABT-263. 

Cell viability was examined 24 and 48 h after treatment. Error bars denote mean ± SD from 

triplicates.  

K-O, Representative plots showing kinetic analyses of the activity of plasma enzymes including 

ALT (K), AST (L), GGT (M), XO (N) and CDA (O). Only 3 samples from each group were shown 

in these plots.  
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Error bars denote mean ± SD. *p<0.05 , **p<0.005, ***p<0.0005 and ****p<0.00005. 

 

Supplementary Methods 

Quantitative polymerase chain reaction (qPCR). mRNA from cells were extracted using The 

RNeasy Plus Mini Kit per manufacturer’s instructions. cDNA was synthesized using iScript cDNA 

synthesis kit per manufacturer’s instructions. cDNA was mixed with primers and PerfeCTa® 

SYBR® Green FastMix® Reaction Mixes per manufacturer’s instructions. qPCR was performed 

using LightCycler® 96 System (Roche). Results were analyzed by LightCycler® 96 SW 1.1 

software. GAPDH and ACTIN (ACTB) were used as reference genes. Primers used in this 

manuscript were shown in Supplementary Table S2. 


