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Figure S1. Endogenous ASM activity in pharmacological and genetic NPD-A cell models. 
ASM activity was determined in imipramine-diseased endothelial cells and NPD-A patient 
fibroblasts using an artificial substrate and measuring the resulting fluorescent product in a plate 
reader (see Methods). Data were normalized to control endothelial cells or wild-type fibroblasts, 
respectively (horizontal dashed line). Data are mean ± SEM (n≥4 independent wells). 
*Comparison to control cells (p < 0.05 by Student’s t-test).  
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Figure S2. Induction of lipid storage in endothelial cells. (A) Microscopy of control (Ctrl) vs. 
imipramine-diseased endothelial cells (Dis). Dark-refringent storage compartments were visible 
by phase-contrast, and cells were additionally stained with fluorescent Nile Red to label lipids, 
lysenin to label sphingomyelin, or filipin to label cholesterol. Dotted lines mark the cell borders, as 
observed by phase-contrast. Scale bar = 10 µm. (B) The mean fluorescence intensity of markers 
in (A) was quantified within a 3 µm-perinuclear region, the background fluorescence (cell 
periphery) was subtracted, and data were normalized to control cells (horizontal dashed line). The 
number of dark-refringent storage compartments was quantified using phase-contrast images and 
also normalized to control cells. Data are mean ± SEM (n≥4 independent wells). *Comparison to 
control cells (p < 0.05 by Student’s t-test).  
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Figure S3. Sphingomyelin and cholesterol storage in pharmacological and genetic NPD-A 
cell models. Control and imipramine-diseased endothelial cells were stained with fluorescent 
lysenin or filipin to label sphingomyelin or cholesterol, respectively. Alternatively, sphingomyelin 
was labeled with fluorescent BODIPY-FL-C12-sphinogmyelin in wild-type and NPD-A patient 
fibroblasts, and filipin was used to label cholesterol in these cells. The mean fluorescence intensity 
of (A) sphingomyelin and (B) cholesterol was quantified within a 3 µm-perinuclear region, the 
background fluorescence (cell periphery) was subtracted, and data were normalized to control 
cells (horizontal dashed line). Data are mean ± SEM (n≥4 independent wells). *Comparison to 
control cells (p < 0.05 by Student’s t-test).  
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Figure S4. Micrographs of the effect of tocopherols on sphingomyelin storage in diseased 
endothelial cells. Phase-contrast and fluorescence microscopy images showing sphingomyelin 
accumulation (lysenin-positive) in control (Ctrl) vs. imipramine-diseased endothelial cells (Dis) 
after 48 h incubation in the absence or presence of 40 µM δ-tocopherol (δ-Toc) or 20 µM CF3-T. 
Dotted lines mark the cell borders, as observed by phase-contrast. Scale bar = 10 µm. 
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Figure S5. Reduction of sphingomyelin by tocopherols in diseased endothelial cells. 
Sphingomyelin was stained in imipramine-diseased endothelial cells (Dis) with fluorescent 
lysenin, 1 h after a 48 h treatment with 40 µM δ-tocopherol or 20 µM CF3-T. Sphingomyelin was 
then quantified as described in Figure 1 and normalized to untreated control cells (horizontal 
dashed line) or untreated diseased cells (horizontal solid line). Data are mean ± SEM (n≥4 
independent wells). *Comparison to untreated control cells; †comparison to untreated diseased 
cells indicated by the horizontal solid line (p < 0.05 by Student’s t-test).   
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Figure S6. Effect of δ-tocopherol on receptor-mediated uptake in control endothelial cells. 
Control endothelial cells (Ctrl) were treated for 48 h with 40 µM δ-tocopherol, then incubated for 
3 h with fluorescent ligands of individual endocytic pathways. Ligands were cholera toxin B (CTB; 
caveolae-mediated endocytosis), transferrin (Tf; clathrin-mediated endocytosis), 100 nm polymer 
nanocarriers targeted to ICAM-1 (anti-ICAM NCs; CAM-mediated endocytosis), and 1 µm IgG-
coated microparticles (phagocytosis; Phag.). Thereafter, cells were washed, fixed, and cell-
surface bound counterparts were immunostained with antibodies fluorescently-labeled in a 
different color to distinguish internalized vs. surface-bound ligands (see Methods). Uptake data 
are normalized to control cells (horizontal solid line). Data are mean ± SEM (n≥4 independent 
wells). *Comparison to control cells (p < 0.05 by Student’s t-test).   
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Figure S7. Effect of TNFα on anti-ICAM NC binding to diseased endothelial cells. 
Imipramine-diseased endothelial cells (Dis) were incubated overnight with control medium (-
TNFα) or medium containing TNFα. Then, cells were incubated for 3 h with fluorescent anti-ICAM 
NCs, washed, fixed, and imaged by microscopy as described in Figure 3. Binding data are the 
fluorescent area of total cell-associated NCs normalized to control medium (-TNFα). Data are 
mean ± SEM (n≥4 independent wells). *Comparison to -TNFα cells (p < 0.05 by Student’s t-test).  



JPET# 257345 
 

 

 

 

 

 

 

 

 

 

 

Figure S8. Effect of δ-tocopherol on endogenous ASM activity in pharmacological and 
genetic NPD-A cell models. The activity of endogenous ASM was measured in imipramine-
diseased endothelial cells or NPD-A fibroblasts treated for 48 h with 40 µM δ-tocopherol as 
described in Figure 6. Data are normalized to untreated diseased endothelial cells or NPD-A 
fibroblasts (horizontal solid line). Data are mean ± SEM (n≥4 independent wells). No statistical 
significance was found.   
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Figure S9. Effect of δ-tocopherol on dark-refringent storage compartments in diseased 
endothelial cells. Control (Ctrl) and imipramine-diseased endothelial cells (Dis) were incubated 
in fresh medium for 1-24 h after removal of 40 µM δ-tocopherol. Cells were washed, fixed, and 
the number of dark-refringent storage compartments was visualized by phase-contrast, quantified 
as described in Figure S2, and normalized to control cells (horizontal dashed line). Untreated 
diseased cells are shown as a horizontal solid line. Data are mean ± SEM (n≥4 independent 
wells). *Comparison to untreated control cells; †comparison to untreated diseased cells (p < 0.05 
by Student’s t-test).   
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Figure S10. Anti-ICAM NC binding and uptake in diseased endothelial cells after δ-
tocopherol removal. Imipramine-diseased endothelial cells (Dis) treated for 48 h with 40 µM δ-
tocopherol were activated overnight with TNFα to mimic inflammation. Cells were then incubated 
for 3 h with fluorescent anti-ICAM NCs 5 h after removal of δ-tocopherol. Cells were washed, 
fixed, immunostained, and imaged by microscopy as described in Figure 3. Binding was 
quantified as total cell-associated fluorescent NCs, while NC uptake represents internalized NCs 
expressed as a percentage of the total cell-associated NCs. Data were normalized to untreated 
diseased cells (horizontal solid line). Data are mean ± SEM (n≥4 independent wells). *Comparison 
to untreated diseased cells (p < 0.05 by Student’s t-test).  

 

 


