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Supplementary Figure 1

Supplementary Figure 1 – Representative histograms of airway exosomes stained with antibodies for surface 
markers: CD63, HLA-DR, CD54, and CD36.  (a) CD63, a tetraspanin used as an exosome marker.  (b) HLA-DR, 
a class II antigen presentation molecule.  (c) CD54, also known as ICAM-1, a surface integrin molecule.  (d) 
CD36, a pattern-recognition scavenger protein (Healthy subjects n=9; Asthmatic subjects n=9).
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Supplementary Figure 2

Supplementary Figure 2 – ImageStream analysis of airway exosomes from healthy and asthmatic subjects.
(a) Representative fluorescence images from ImageStream of airway exosomes from four healthy and asthmatic 
subjects.  Exosomes were stained with antibodies for surface markers: CD63, HLA-DR, and CD54 (Healthy 
subjects n=6; Asthmatic subjects n=6).
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Supplementary Figure 3

Supplementary Figure 3 – Airway exosomes have higher lipid content than protein, as assessed by PKH26, a 
lipophilic dye, and CFSE for protein using ImageStream.  Differences in protein and lipid content was not seen 
between study groups (Mann Whitney T test, *<0.05; Healthy subjects n = 4; Asthmatic subjects n =4).
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Supplementary Figure 4 – Volcano plot of the bivariate analysis (performed on Metaboanalyst 3.0) of identified lipids from BAL exosomes.  Y-axis 
displays significance, represented as –log(p-value), and the x-axis displays log base-2 fold-change.  The horizontal dotted line demarks the 0.05 p-val-
ue cutoff.  Significant data points were enlarged and colored purple for illustration purposes.  (a) Healthy subjects versus asthmatics, non-SHS 
exposed.  LIPID244 (phosphatidylclycerol 34:2, p=0.023) was found to be more abundant in healthy subjects.  (b) Healthy subjects versus SHS 
exposed healthy subjects. Identified lipids were all higher in healthy subjects.  LIPID 58 (monosialoganglioside 28:3, 264.2 m/z, p=0.024), LIPID59 
(monosialoganglioside 28:3, 282.2 m/z, p=0.024), LIPID61 (ceramide-phosphate 28:1, 264.2 m/z, p=0.024),  LIPID63 (ceramide-phosphate 28:1, 
282.2 m/z, p=0.024), LIPID82 (mannosyl-diinositol phosphoryl-ceramide 26:2, 264.2 m/z, p=0.024), LIPID83 (mannosyl-diinositol phosphoryl-cera-
mide 26:2, 282.2 m/z, p=0.024), LIPID86 (ceramide 34:2, p=0.023), LIPID88 (ceramide-phosphate 28:0, p=0.024), and LIPID244 (phosphatidylglyc-
erol 34:2, p=0.040).  (c) Asthmatics versus SHS exposed asthmatics.  LIPID86 (ceramide 34:2, p=0.012) was significantly higher in asthmatics.  (d) 
Healthy subjects exposed to SHS versus asthmatics exposed to SHS.  LIPID162 (sphingomyelin 34:1, p=0.046) was significantly higher in asthmatics 
exposed to SHS (Healthy subjects n = 9 (no SHS n=4, +SHS n = 5); Asthmatic subjects n =11 (no SHS n=6, +SHS n = 5)).
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Supplementary Figure 5

Supplementary Figure 5 – Mass spectrum of ceramide-phosphate 28:1 from BAL exosomes.  Ceramide-phosphate 28:1 
was detected from the SWATH lipidomics reported in Table 2.  The precense of this modified lipid species was confirmed by 
targeted lipidomics.  The red arrow pointing to the mass/charge ratio of 78.9565 m/z corresponds to the phosphate 
of ceramide-phosphate 28:1.
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Supplementary Figure 6

Supplementary Figure 6 – Mass spectrum of trihexosylceramide 40:1.  Trihexosylceramide 40:1 was detected from the SWATH lipidomics reported in Supplemen-
tary Table 2.  The precense of this lipid species was confirmed by targeted lipidomics.  The proposed structure for trihexosylceramide 40:1 is also represented 
in the mass spectrum on the left-side.  The red arrows indicate the mass difference for the hexose.
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Supplementary Figure 7

Supplementary Figure 7 – Variable Importance in Projection (VIP) scores from the partial least squares 
(PLS) analysis (performed on Metaboanalyst 3.0) of identified lipids from BAL exosomes.   Higher VIP scores 
indicate important players in the PLS model.  (a) Healthy subjects versus asthmatics, non-SHS exposed. The 
significant lipid, LIPID244, is phosphatidylglycerol 34:2.  (b).  Healthy subjects versus SHS exposed healthy 
subjects. The important lipids, LIPID61, LIPID62 and LIPID88, are ceramide-phosphate 28:1 (264.2 m/z), cera-
mide-phosphate 28:1 (282.2 m/z), and ceramide-phosphate 28:0, respectively.  (c) Asthmatics versus SHS 
exposed asthmatics.  The significant lipid, LIPID86, is ceramide 34:2, and LIPID88 ceramide-phosphate 28:0.  
(d) Healthy subjects exposed to SHS versus asthmatics exposed to SHS.  The significant lipids, LIPID 429 and 
LIPID 175, are sphingomyelin 42:3 and sphingomyelin 32:1, respectively (Healthy subjects n = 9 (no SHS n=4, 
+SHS n = 5); Asthmatic subjects n =11 (no SHS n=6, +SHS n = 5)).
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