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Expression of ganglioside GD2, reprogram the lipid metabolism 
and EMT phenotype in bladder cancer

SUPPLEMENTARY MATERIALS

Sample preparation for mass spectrometry 
analysis

Samples were stored at -80°C until extraction. We 
used 50 mg of tissues for sample preparation. Lipids were 
extracted using a modified Bligh-Dyer method [1]. The 
extraction was carried out using 2:2:2 volume ratio of 
water/methanol/dichloromethane at room temperature 
after spiking internal standards (17:0 LPC, 17:0 PC, 17:0 
PE, 17:0 PG, 17:0 ceramide, 17:0 SM, 17:0 PS, 17:0 
PA, 17:0 TAG, 17:0 MAG, DAG 16:0/18:1, CE 17:0, 
and 17.0-20.4 PI) (Supplementary Table 2). The organic 
layer was collected and completely dried under nitrogen. 
Before MS analysis, the dried extract was resuspended in 
100 μL of Buffer B (10:5:85 Acetonitrile/water/Isopropyl 
alcohol) containing 10mM NH4OAc and subjected to LC/
MS. The lipidome was separated using reverse-phase 
chromatography.

Reagents and Internal Standards

We used a high-performance Liquid 
Chromatography (LC) grade acetonitrile, and 
dichloromethane from Sigma (St. Louis, MO), isopropanol 
from Optima- Liquid Chromatography/Mass Spectrometry 
(LC/MS) Fisher (New Jersey, NJ), and methanol from J.T. 
Baker (Radnor, PA). We obtained water from a Millipore 
high purity water dispenser (Billerica, MA). We purchased 
the MS grade lipid standards from Avanti Polar Lipids 
(Alabaster, AL) (Supplementary Table 2).

Internal standards and quality controls

We prepared the lipid stock solutions by weighing an 
exact amount of the lipid internal standards in Chloroform/
Methanol/H2O resulting in a concentration of 1mg/mL and 
stored at -20 °C. We further diluted the stock solutions to 
100pmol/uL by mixing appropriate volume of the internal 
standards LPC 17:0/0:0, PG 17:0/17:0, PE 17:0/17:0, PC 
17:0/17:0, TAG 17:0/17:0/17:0, SM 18:1/17:0, MAG 
17:0, DAG 16:0/18:1, CE 17:0, ceramide d 18:1/17:0, 
PA 17:0, PI 17:0/20:4, and PS 17:0/17:0. We used two 
kinds of controls to monitor the sample preparation and 
MS. To monitor instrument performance, we used 10 μL 
of a dried matrix-free mixture of the internal standards, 
reconstituted in 100 μL of buffer B (5% water, 85%Isopro

panolol:10%Acetonitrile in 10mM NH4OAc). To monitor 
the lipid extraction process, we used a standard pool of 
tissue samples from aliquots from the 165 samples. For 
quality control, we ran the pooled samples every day in the 
beginning, and at the end day. We also spiked the internal 
standards into test samples during the extraction process.

Data processing

We converted the raw data to mgf data format 
using proteo wizard software [2]. We used the NIST MS 
PepSearch Program to search the converted files against 
LipidBlast libraries [3, 4]. The m/z width was determined 
by the mass accuracy of internal standards and was set 
0.001 for positive mode and 0.005 for a negative mode 
with an overall mass error of less than 2 parts per million. 
The minimum match factor used was set to 400. The MS/
MS identification results from all the files were combined 
using an in-house software tool to create a library for 
quantification. All raw data files were searched against this 
library of identified lipids with mass and retention time 
using Multiquant 1.1.0.26 (ABsciex, Concord, Canada) 
[5]. We used MS/MS data as an intermediary step to help 
with identification, but quantification was done using 
MS1 data only. Relative abundance of peak spectra was 
used for the analyses. The lipids which were identified 
in both positive and negative ion modes were initially 
analyzed separately for their relationship with outcome 
to ensure persistent results. Identified lipids by type of 
adduct and retention times in positive and negative modes 
are show in Supplementary Table 3. As the relationship 
with outcome was not different in such lipids by ion 
modes, the values from positive mode were used in the 
final analysis. For lipid features with multiple adducts, the 
sum of spectral peaks from different adducts was used for 
the corresponding lipid. Identified lipids were quantify 
by normalizing against their respective internal standard. 
Quality Control samples were used to monitor the overall 
quality of the lipid extraction and mass spectrometry 
analyses [6-12].

QPCR and western blot analysis

Muscle invasive (J82 and UMUC3) bladder cancer 
cell line were procured from American Type Culture 
Collection (ATCC, Manassas, VA, USA) and maintained 
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as per ATCC recommendations. Short Tandem Repeat 
(STR) Profiling of these cell lines were reported earlier 
[13, 14]. mRNA expression was measured by QPCR by the 
following steps. RNA was extracted by RNeasy Mini Kit 
(Qiagen) from washed cell pellets and clinically confirmed 
bladder cancer low grade Ta and high grade T4 tissues. 
The quality and quantity were verified by measuring 
the absorbance at 260 and 280 nm. 1st strand cDNA was 
synthesized by using qScript™ cDNA SuperMix, (Quanta 
Biosciences), and qPCR was performed on StepOnePlus, 
(Applied Biosystems) using the SYBR green Master Mix 
and gene specific primers (Supplementary Table 4). The 
2-∆∆Ct method was used to calculate relative changes in 
mRNA levels, GAPDH was used as an internal control. For 
protein expression analysis, western blot was performed. 
Protein was extracted from both cell lines and tissues using 
RIPA buffer (Sigma-Aldrich) with added protease and 
phosphatase inhibitor cocktail (Thermo scientific), and run 
on 4–20% Mini-PROTEAN® TGX™ gels (BIORAD). 
Gels were blotted on PVDF membranes. Membrane 
was blocked with 5% skim milk in TBST, Incubation 
with primary antibodies was performed overnight in 1% 
milk in TBST (Tris-buffered saline and Tween 20). HRP-
conjugated secondary antibodies were detected using 
the SuperSignal West Pico Chemiluminescent Substrate 
(Pierce Rockford, IL). All kits were used according to the 
manufacturer’s instructions
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Supplementary Figure 1: GD2 identified on the Q-TOF negative electrospray ionization (A) extracted ion chromatography (EIC), (B) 
mass spectrum.
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Supplementary Figure 2: N-Acetylneuraminic acid (NANA) levels in benign Vs cancer (* indicates p<0.05; ** indicates 
p<0.001).
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Supplementary Table 1: Bladder cancer specimens used for this study [from UT Southwestern (UTSW)]

BLCA tissue samples

BLCA patients characteristics

Stage

Ta (n= 5; 20%)

T1 (n=5; 20%)

T2 (n=5; 20 %)

T3 (n=5; 20 %)

T4 (n=5; 20 %)

Gender
n= 23(92%; Male)

n=02(8%; Female)

Vital status

n=18 (72%; Live)

n=06(24%; Dead)

n=01 (4%; Missing)

Lymph node metastasis

N0 (n=19; 76%)

N1 (n=3; 12%)

NX (n=1; 4%)

N3 (n=1; 4%)

Missing (n=1; 4%)

Smoking status

n=5 (20%; Never smoker)

n=17 (68%; Ex-smoker)

n=2 (8%; Current smoker)

n=1 (4%; Missing)

Cohorts UTSW (n= 25; 100%)

Benign Tissue samples

Benign Tissues n=5
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Supplementary Table 2: Lipid internal Standards used for this study

1-heptadecanoyl-2-hydroxy-sn-glycero-3-phosphocholine (LPC) (17:0/0:0)

1,2-diheptadecanoyl-sn-glycero-3- Phosphatidylcholine (PC) (17:0/17:0)

1,2-diheptadecanoyl-sn-glycero-3- Phosphatidylethanolamine (PE) (17:0/17:0),

1,2-diheptadecanoyl-sn-glycero-3- Phosphatidylserine (PS) (17:0/17:0)

N-heptadecanoyl-D-erythro- sphingosylphosphorylcholine 17:0 (SM) (d18:1/17:0)

cholest-5-en-3ß-yl heptadecanoate 17:0 cholesteryl ester (CE)

1-palmitoyl-2-oleoyl-sn-glycerol 16:0-18:1 (DAG)

1-heptadecanoyl-rac-glycerol 17:0 (MAG)

1,2,3-triheptadecanoyl-glycerol Tri-heptadecanoate 17:0 (TAG)

N-heptadecanoyl-D-erythro-sphingosine C17 Ceramide (d18:1/17:0) (Cer-P)

1,2-diheptadecanoyl-sn-glycero-3-phosphate 17:0 (PA)

1,2-diheptadecanoyl-sn-glycero-3-phospho-(1'-rac-glycerol) 17:0 Phosphoglycerol (PG)

1-heptadecanoyl-2-(5Z,8Z,11Z,14Z-eicosatetraenoyl)-sn-glycero-3-phospho-(1'-myo-inositol) 17:0-20:4 
Phosphatidylinositol (PI)
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Supplementary Table 3: Identified lipids by type of adduct and retention time in positive and negative modes 
(Internal standards were indicated in green)

See Supplementary File 1
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Supplementary Table 4: Gene-specific primers used for qPCR

Primer sequence (5’-3’)

Gene Sense Anti-sense

GAPDH GAGTCAACGGATTTGGTCGT TTGATTTTGGAGGGATCTCG

E-CADHERIN CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG

VIMENTIN AGCTAACCAACGACAAGCC TCCACTTTGCGTTCAAGGTC


