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Abstract 

Human colorectal cancer is the progressive accumulation of mutations 

that occur in the epithelial lining of the digestive tract. One-third 

of patients diagnosed with colorectal cancers are hereditary or 

familiar cancers, while the other two-thirds of patients are diagnosed 

with sporadic colorectal cancer. Human colon epithelial cell lines 

were generated from human colon epithelium and immortalized with 

overexpression of CDK4 and hTERT (HCEC 1CT). Subsequent cell lines 

were developed to model the mutations that occur in sporadic colon 

cancer; CTA cells have deletion of APC, an essential protein in the 

WNT pathway, representative of early adenoma; RPA cells mimic late-

stage adenoma and are deficient in APC and P53 and overexpress mutant 

KRas; A1309 cells were developed via the addition of truncated APC in 

the RPA cell line. All four HCEC cell lines were analyzed for 

metabolomic and lipidomic alterations. PCA and PLS-DA analyses of 

untargeted lipidomics demonstrated all lines cluster independently 

from one another. Heatmap analysis of the top 100 most significant 

lipids (p-value <0.05) showed RPA and A1309 cell lines to have the 

most distinct lipid profiles. Therefore, RPA and A1309 were analyzed 

further. Volcano plots and deconstructed volcano plots demonstrated 

significant alterations in specific lipid classes. Pathway analysis of 

the altered lipids established glycerophospholipids and sphingolipids 

as the lipid classes with the most significant alterations. 

Quantitative analyses of sphingolipids revealed significant 

differences in ceramides and hexosylceramides between RPA and A1309 

cells. These data suggest that truncation of APC alter sphingolipid 
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metabolism. Future studies will examine the roles of ceramides and 

hexosylceramides in cancer cell biologies including migration, 

proliferation, viability, and cell cycle. 
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Introduction 

In 2020, there were an estimated 940,000 thousand colorectal cancer 

(CRC) deaths worldwide. Projected estimates say there will be 3.2 

million new CRC diagnoses by 2040. Even as the current third leading 

cause of cancer deaths, there are various treatment methods to 

facilitate a long life. Treatment options include endoscopic or 

surgical excision, immunotherapy, chemotherapy, and targeted therapy. 

Treatment of CRC depends on the type and stage [1]. Around three-

quarters of CRC diagnoses are sporadic CRC. Sporadic CRC is the 

spontaneous generation of accumulating mutations in the epithelial 

lining of the colorectal tract. These spontaneous mutations are caused 

by environmental and molecular factors. The biggest environmental 

factor is diet. The western diet is mainly composed of processed, 

refined, and fatty food. The processed nature of the foods increases 

the mutational propensity to the intestinal lining. In addition, there 

are molecular factors that contribute to sporadic CRC. The epithelial 

gut lining is regenerated every three to five days, regeneration is 

closely regulated, but replication errors occur leading to the 

mutations, especially as the human body ages. 

Sporadic colorectal cancer is the accumulation of progressive 

mutations in the epithelial lining of the digestive tract. The first 

mutation that occurs in sporadic CRC is the loss of adenomatous 

polyposis coli (APC) [2]. The APC protein is essential in the Wnt 

pathway which regulates β-catenin degradation. When the Wnt ligand is 

present, the pathway is activated and there is a dissociation of the 

destruction complex, containing APC, and β-catenin translocates to the 
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nucleus allowing for proliferation, differentiation, and apoptosis 

transcription factor activation [2]. When the Wnt ligand is absent, 

the destruction complex sequesters and targets β-catenin for 

proteasomal degradation via ubiquitination. APC loss or mutation 

allows for constitutively active Wnt  pathway leading to CRC 

progression [3]. More than 90% of APC mutations are premature stop 

codons believed to have a dominant-negative effect. One of the most 

common APC mutations is the truncated codon at 1309. This truncation 

is still being readily characterized, but it has been established that 

patients with this APC truncation have a more severe phenotype [4]. 

The next mutational change that occurs in CRC is the constitutively 

active KRas. KRas, a proto-oncogene, is the first cytoplasmic protein 

responding to activation of the EGFR pathway. When KRas is 

constitutively active, the pathway is active even in the absence of a 

ligand. The last marked mutation that occurs in CRC progression is the 

mutation or loss of p53. As the guardian of the genome and tumor 

suppressor, p53 is key to slowing down CRC progression [2]. 

Sphingolipids (SPL) are an intricate category of lipids that have a 

variety of bioactive responses in the cell [5]. The de novo synthesis 

of SPL begins with the condensation of serine and palmitoyl-CoA, via 

serine palmitoyl transferase (SPT). The product, 3-ketosphiganine, 

undergoes two other enzymatic reactions to generate the central lipid 

in the SPL metabolism pathway, ceramide (Cer), which can then be 

utilized to generate sphingomyelin (SM) through sphingomyelin synthase 

(SMS) or hexosylceramide (HexCer) through glucosylceramide synthase 
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(GCS). These products can also be degraded to generate Cer. HexCer can 

be further modified to form complex glycosphingolipids. 

The goal of this project is to identify the metabolic alterations 

that occur as CRC progresses, tracking the key mutations that occur in 

CRC. Two novel methods facilitated this work, lipidomics and 

metabolomics. Both ‘omics are strong analytical tools that enable the 

characterization and identification of metabolites or lipids from a 

biological matrix [6]. Utilizing both we have access to a more 

complete picture into the effects that mutations have on CRC. 
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Results 

Untargeted Lipidomic Analysis of HCEC cells 

The majority of diagnosed CRC is categorized as sporadic colon 

cancer, which occurs due to a series of accumulating mutations in the 

intestinal epithelium. We hypothesized that these mutations would 

associate with specific changes in lipid metabolism. Therefore, we 

utilized a human colon epithelial cell line immortalized with 

overexpression of CDK4 and hTERT (HCEC 1CT) [7]. The HCEC 1CT line was 

then altered to model the major mutations that occur with CRC. CTA 

cells have deletion of APC; RPA cells have deletion of APC and P53 and 

overexpression of mutant kRAS; A1309 cells were generated from RPA 

cells with the addition of truncated APC (Figure 1A) [8]. All four 

HCEC cell lines were analyzed for metabolomic and lipidomic 

alterations using untargeted mass spectrometry (MS) analyses. 

Principal component analysis demonstrated that PC-1 accounted for 

50.5% and PC-2 attributed for 15.2% of the separation achieved in PCA 

space for HCEC cell lines (Figure 1B). Further stratification of these 

data was accomplished with a supervised method, Partial Least Squares 

- Discriminant Analysis (PLS-DA) (Figure 1C), to yield index values of 

the variable importance in projection (VIP) scores (Figure 1D). Heat-

map analysis illustrated the most significantly altered lipids among 

HCEC cell lines (Fisher’s least significant difference and p-value 

<0.01). RPA and A1309 demonstrated marked differences between lipid 

species (Figure 1E). Pathway analysis showed that SPL and 

glycerophospholipids (GPL) metabolism were most altered among HCEC 
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cell lines (Figure 1F). These data support the hypothesis that 

distinct metabolic changes accompany CRC progression. 

 

Untargeted Lipidomic Analysis from RPA and A1309 

In order to further examine lipidomic changes among HCEC cells, 

volcano plots demonstrated that RPA/1CT and A1309/1CT exhibited the 

most significant differences in lipid metabolism when compared to 

CTA/1CT. (Figure S1). Therefore, to determine if specific lipid 

classes or species were altered by truncated APC, RPA cells were used 

as a control. Volcano plot analysis determined that 773 lipids were 

significantly different between A1309 and RPA (based on log2 fold 

change and p-value <0.05), of these 108 were decreased and 665 were 

increased (Figure 2A). A deconstructed volcano plot was used to 

identify families of lipids that were significantly different between 

RPA and A309 cells. Cers, HexCers, lyso- and phosphatidylcholines, 

phosphatidylethanolamines, and triglycerides demonstrated significant 

changes between cell lines with > 50 dysregulated lipids in each 

subclass (Figure 2B). Pathway analysis conducted comparing RPA and 

A1309 cell lines also defined SPL and GPL metabolism to be most 

impacted (Figure 2C). These data suggest that SPL metabolism may be 

altered in response to expression of a truncated APC. 

 

Sphingolipid levels altered in A1309 

SPL metabolism (Scheme 1, adapted from [9]) was implicated as a key 

metabolism pathway in A1309 (when compared to RPA cells). Further 

analysis was conducted to define alterations in major classes of SPLs, 
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including dihydroceramides (dhCer), Cer, SM, HexCer (glucosyl- or 

galactosylceramide) and lactosylceramides (LactCer). Of the major 

classes examined, all demonstrated at least a two-fold increase in 

lipid levels in A1309 compared to RPA. The exception was SM, where 

levels were unchanged in A1309 (Figure3A-3E). Examination of 

individual dhCer species in both cell lines showed statistically 

significant increases in A1309 (Figure 3F). The most abundant Cer 

species demonstrated significant increases in A1309 (Figure 3G). The 

only SM species with statistical significance was C24:1 SM in A1309 

compared to RPA (Figure 3H). C16 and C24 HexCer and LactCer were 

significantly increased in A1309 (Figure 3I & 3J). In addition, 

examination of the fold change in SPL levels between RPA and A1309 

demonstrated significant changes in specific species of dhCer, Cer, 

HexCer and LactCer (Figure S3). These data implicate altered SPL 

metabolism, specifically, Cer and HexCer may be associated with 

truncation of APC. 

 

Hexosyl- and Lactosylceramides are significantly altered by specific 

SPL inhibitors in A1309 

The initial analysis of SPLs revealed alterations in several major 

SPL classes in A1309 compared to RPA. To examine specific species and 

potential nodes of regulation for this increase in specific SPLs, we 

utilized chemical inhibitors for critical points in SPL metabolism. We 

used ISP-1 to inhibit the initial step in de novo SPL metabolism, SPT, 

fumonisin B1 (FB1) to inhibit acylation of Cer by Cer synthases 

(CerS), and eliglustat to inhibit generation of HexCer by GCS. 
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Inhibition with ISP-1, FB1, and eliglustat resulted in no statistical 

differences in total levels of dhCer, Cer, or SM in RPA or A1309 

(Figure S4). Total HexCer and LactCer were significantly increased in 

A1309 as compared to RPA (Figure 4a & B). Inhibition with ISP-1 

significantly decreased HexCer generation when compared to control in 

both RPA and A1309, this decrease was approximately 60%. Inhibition 

with FB1 significantly decreased HexCer generation approximately 75% 

when compared to control, in both RPA and A1309. Eliglustat 

significantly inhibited HexCer generation approximately 80% in both 

RPA and A1309 (Figure 4A & B). LactCer was not significantly altered 

by any of the SPL inhibitors tested (Figure 4B). Further analysis of 

specific HexCer major species C16, C18, C24:1, and C24 HexCer was 

conducted to characterize chain length specificity and inhibitory 

effects on RPA and A1309. Decreases in C16 HexCer were similar in both 

RPA and A1309 with SPL inhibitors when compared to control. C16 HexCer 

generation was inhibited approximately 60% by ISP-1, approximately 85% 

by FB1, and approximately 90% by eliglustat (Figure 4C). Similar 

profiles for C18 HexCer were measured in both RPA and A1309 (Figure 

4D). In RPA generation of C24:1 was inhibited about 60% with ISP-1, 

75% with FB1 and approximately 85 % with eliglustat. In A1309 C24:1 

generation followed the same trend except for eliglustat, which 

inhibited about 75% (Figure 4E). In both RPA and A1309, C24 HexCer 

generation was inhibited by about 75% with ISP-1 and 85% with FB1 and 

eliglustat (Figure 4F). These data indicate that the major classes of 

SPL altered in A1309 are HexCer and LactCer. In addition, these data 

suggest that the generation of glycosphingolipids, specifically 
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HexCer, but not LactCer, in both cell lines requires de novo SPL 

generation. 
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Discussion 

We set out to characterize the metabolomic alterations that occur as 

colorectal cancer progresses from healthy to late-stage adenoma. Using 

metabolomic analyses in HCEC cell lines, we established that all cell 

lines were distinct from one another via unsupervised and supervised 

approaches (Figure 1B &C). Pathway analyses identified SPL metabolism 

as one of the top altered pathways among HCEC cell lines (Figure 1F). 

Lipidomic analysis comparing each isogenic cell line to 1CT identified 

the A1309 cell line to have the highest number of dysregulated lipids 

(Figure S1). Further analyses were isolated to RPA and A1309 cells, 

with the addition of a truncated APC as the major difference between 

cell lines. Lipidomic analysis of RPA and A1309 several families and 

classes of lipids to by dysregulated (Figure 2A). Pathway analysis of 

RPA and A1309 identified the SPL metabolism pathway as one of the 

significant pathways altered between RPA and A1309 (Figure 2C). 

Targeted analysis of SPLs identified significant increases in specific 

species of Cer and HexCer in A1309 (Figure 3A-J). These data suggest 

for the first time that truncation of APC may significantly alter SPL 

metabolism. 

Untargeted metabolomics and lipidomics are being used more to define 

novel players and mechanisms in CRC. Rachieriu et al. used high-

performance liquid chromatography and mass spectrometry (UPLC-QTOF-

ESI+ MS) on serum samples from CRC patients. With univariate and 

multivariate analysis, they identified that Cer, SM, 

glycosphingolipids and GPL were the top metabolites in CRC and SM and 

dhCer to be within the top altered metabolism pathways [10]. Luan et 
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al. conducted novel a method of lipidomic analysis with in-capillary 

extraction nanoelectrospray ionization mass spectrometry (ICE-nanoESI-

MS) and Cer levels were decreased in CRC tissues [11]. In contrast, 

Cer increased in A1309 as compared to RPA. The CRC tumor tissues were 

not characterized for mutations in APC; therefore, it is possible that 

specific mutations or truncations result in specific alterations in 

SPL metabolism. In addition to alterations in lipid levels, lipid-

generating enzymes have also been associated with CRC. Holowatyj et 

al. conducted a multi-omics study on visceral adipose tissue (VAP) and 

CRC tumors and identified an association between high peroxisome 

proliferator-activated receptor gamma (PPARγ), found in VAP, and 

glycoprotein VI (GPVI) signaling. This study also showed that with 

elevated prostaglandin endoperoxide synthase 2 (PTGS2) expression in 

CRC SM in plasma decreased [12]. Using cell lines with mutations that 

mimic CRC progression allowed for expansion of what has been shown in 

tumor tissues. Together these studies highlight the novelty of using 

metabolomic analysis in CRC. 

SPL metabolism plays a central role in cellular integrity and 

alteration of SPLs has been implicated in a variety of diseases [13]. 

CRC has also been associated with dysregulated SPT, GCS, and CerS 

enzymes [14] [15]; yet the role of GSL in CRC is not well understood. 

SPL metabolism species Cer, HexCer, and LactCer have been implicated 

in many cancers, CRC in particular [16]. Ceramide, the central species 

in SPL metabolism, has been shown to be upregulated as CRC progresses 

[17]. 
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Pathway analysis of RPA and A1309 demonstrated significant changes 

in GPL metabolism. These lipids have been implicated to be upregulated 

in tumor tissues, as well as organoids from CRC patients. Barry et al. 

conducted a clinical study on CRC patients over 3 years examining the 

chemoprotective effect of low and high doses of aspirin. CRC tissues 

were collected and analyzed with dual liquid chromatography and high-

resolution mass spectrometry with dual ionization. The GPL metabolism 

pathway along with thirteen other pathways were identified. Further 

analysis disqualified the GPL metabolism pathway from the study, as it 

could not be statistically determined if this pathway was associated 

with adenoma risk or if the aspirin treatment was an effective 

therapeutic [18]. Effects of curcumin on CRC were examined using 

patient-derived organoids and determined that GPL metabolism was 

upregulated in response to curcumin treatment. This study also 

validated the mutations in the organoids from the normal tissue, with 

80% mutational overlap [19]. GPLs have also been implicated in CRC 

metastases to the lung [20]. These studies highlight the potential 

importance of GPL metabolism in CRC and future studies could examine 

alterations in these lipids in HCECs. 

Truncation of APC at 1309 has been shown to drive anchorage-

independent colony formation and invasion [4]. Combination of data 

from cBioPortal, 1CT7 (spontaneous stable trisomy 7 mutation occurring 

in 1CT cells), and A1309 cell lines demonstrated that mutations 

specific to truncation of APC occur in 73.6% of all CRC cases. The 

majority of the genes dependent on APC truncation were involved in DNA 

methylation and tumorigenesis [8]. CRC patients with the 1309 codon 
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mutation have a more severe phenotype but do not appear to have 

earlier onset of CRC. Mortality in patients with this truncation is 

approximately to ten years sooner than other CRC patients [21]. 

Together these studies suggest that truncation of APC alters 

expression of proteins and lipid metabolism. 

SPLs are not static but rather bioactive lipids with cellular 

responses including apoptosis, proliferation, differentiation, and 

cell cycle arrest. By characterizing the metabolic changes that occur 

in CRC progression, our data has identified that truncated APC in 

A1309 cells potentially drives Cer and HexCer dysregulation. Previous 

work with these cell lines characterized biological differences in RPA 

and A1309, in colony formation and invasion. While they did not find 

any statistical difference between the two lines, they reported a 

slight increase in colony formation and invasion in A1309 [7]. Our 

data indicate that further exploration into the roles HexCer may play 

in A1309 cells should be conducted by inhibiting key enzymes in the 

SPL metabolism pathway. 

Through targeted analysis, our data indicated that HexCer and 

LactCer levels were elevated in A1309 cells. Upon further analysis, 

only HexCer, and not LactCer, levels were statistically affected by 

SPL chemical inhibitors. A recent study examined the lipid profile of 

APC fl/fl derived organoids. Similar to our data with APC truncation, 

Jukes et al. reported SM decreased SM generation and increased Cer and 

HexCer generation in organoids lacking APC [22]. 

Inhibition of SPL metabolism demonstrated that de novo SPL synthesis 

was required for HexCer generation, by driving the synthesis of Cer 
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and dhCer (Figure 4A & B). Profiling the most abundant HexCer species, 

data suggest that specific CerS may be involved in the generation of 

HexCer. C16 HexCer generation had greater inhibition under FB1 then 

C24 HexCer. With C16 HexCer being generated by CerS5 and C24 generated 

by CerS2, this could suggest altered CerS activity. Alternatively, 

these results could suggest altered glucose utilization thorough 

increased complex glycosphingolipid metabolism (Figure 1F and 2C). 

The truncation of APC has been shown to result in increased colony 

formation in soft agar and migration in Matrigel [4]. As SPLs have 

been implicated in anchorage independent growth and migration, future 

studies will be geared at defining the role of SPLs and their 

metabolizing enzymes in cell biologies of HCEC cell lines. 

Proliferation, migration, and cell cycle assays with the same SPL 

metabolism pathway inhibitors will determine if SPLs drive biological 

responses in HCEC cell lines, particularly A1309, and assist in 

isolating the potential role of SPL metabolism in CRC. 
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Methods 

Cell Culture: 

Human colon epithelial cells (HCEC), as well as the isogenic cell 

lines (CTA, RPA, A1309), were a gift from Curtis Thorne (University of 

Arizona). Cells were cultured in complete growth media (CGM) 

consisting of 10% heat-inactivated fetal bovine serum (FBS) with 1% 

Pen-Strep and 1% Glutamax (Fisher, 35050061) in Dulbecco's Modified 

Eagle Medium with pyruvate (DMEM). Cells were maintained at 5% CO2 and 

37 °C. Inhibitors used were myriocin (ISP-1), fumonisin B1 (FB1), 

eliglustat from Cayman Chemical (Ann Arbor, MI, USA.). 

 

Mass Spectrometry: 

Untargeted Metabolic Extraction- 

HCEC cell lines were seeded and grown in culture for 24 h and 

harvested at approximately 1.0x10^6 density. For metabolomics, cells 

were washed with ice-cold PBS, lysed, and harvested in LC-MS grade 

methanol (MeOH). Splash Lipidomix (Avanti Polar Lipids, Alabaster, AL, 

USA) was added to each sample as an internal standard. Samples were 

then vortexed, centrifuged, and the supernatant dried via centrivac. 

Metabolites were resuspended in MEOH:1% formic acid and analyzed by 

LC-MS. Protocol was adapted from Bielawski et. al [23]. 

 

Untargeted Lipidomic Extraction- 

HCEC cell lines were plated in a 10 cm dish and grown in culture for 

24 h. At approximately 1.0*10^6 confluence, the plates were washed 

with ice-cold PBS then lysed with 600µL 70% Isopropanol, scraped, and 
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transferred to a 15 mL conical tube containing 1.4mL ethyl acetate. 

Splash Lipidomix (Avanti Polar Lipids, Alabaster, AL, USA) was added 

to each sample as an internal standard. Lysates were vortexed and 

centrifuged, and the supernatant underwent an additional extraction 

with Extraction Mix A, 15:85 Isopropanol: Et O.A.C. Aliquots were 

dried down under nitrogen. Lysates were resuspended in 100 uL 

lipidomics resuspension solvent, 40:40:20 IPA: ACN:H20:0.1% formic 5mM 

AMFO, and run-on LC-MS. 

 

Targeted Lipid Extraction- 

HCEC cell lines were plated in a 10 cm dish and left to grow for 24 h 

then grown in CGM or CGM plus SPL inhibitor: ISP-1 (100nM), FB1 

(50µM), or eliglustat (100nM) for an additional 24h. At approximately 

1.0x10^6 confluence, the cells were washed with ice-cold PBS then 

lysed in Extraction Mix A scraped and transferred to a glass vial. The 

internal standards were added to each sample. For normalization, an 

aliquot of 500 µL was taken at this point, to perform total lipid 

phosphates. Aliquots were dried down under nitrogen drier. Lysates 

were resuspended in mobile phase B (MPB) and analyzed on LC-MS. Data 

were normalized to total inorganic phospholipids present in the lysate 

after a Bligh and Dyer extraction [24]. Protocol was adapted from 

Bielawski et. al [23]. Sphingomyelins were base hydrolyzed with sodium 

hydroxide and then subjected to Bligh Dyer extraction before being 

analyzed on the mass spectrometer [25]. 
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LC-MS- 

Chromatographic separation was achieved utilizing an Agilent 1200 

HPLC. Peek Scientific C8 column (3μm particle, 150×4.6 mm) was used to 

optimize sample separation. Peek column was maintained at 40°C for 

consistency of sample metabolite separation. Mobile phase A (MPA) 

consisted of MS grade water containing 0.2% formic acid and 1 mM 

ammonium formate (pH 5.6), and MPB consisted of MS grade methanol 

containing 0.2% formic acid and 1 mM ammonium formate (pH 5.6). 

Samples underwent the following conditions for Hex/Sph/Cer analysis: 

upon sample injection, the gradient was constant for 2min at 82 MPB, 

then increased to 98% MPB over 10 min, then held steady at 98% MPB for 

10 min, then re-equilibrated at 82 % MPB for 6 min, for a total 

gradient of 30min. For SM analysis, a similar gradient was utilized. 

Detection was accomplished utilizing a Thermo Scientific Quantum Ultra 

triple quadrupole mass spectrometer (Thermo Fisher Scientific) 

equipped with an electrospray ion source operating in positive ion and 

multiple reaction monitoring modes. The ESI source was operated at 

400°C vaporizer temperature and 300°C capillary temperature in 

positive ionization mode with a spray voltage of 4000V. Gasses were 

set at 40, 2, and 10 for sheath, ion sweep, and auxiliary gasses, 

respectively. 

 

Statistical Analyses: 

Statistical analyses were performed using GraphPad Prism 9 (GraphPad 

Software, San Diego, CA) used one-way ANOVA, two-way ANOVA, and 

student’s t-test comparisons. Additional statistical analyses were 



24 
 

performed using R and Metaboanalyst 5.0 p<0.05 was considered 

statistically significant.
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Schemes 

SCHEME 1. 
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Figures 

FIGURE 1 
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Figure 1. Untargeted Lipidomic Analysis from HCEC cells 

HCEC cell lines (1CT, CTA, RPA and A1309) were grown in culture for 48 

hours, lipids extracted and analyzed for lipid composition using LC-

MS. A) Model of CRC progression with mutations over time and 

corresponding cell lines. B) PCA analysis of untargeted lipidomics 

from HCEC cell lines. C) PLS-DA analysis of untargeted lipidomics 

analysis of HCEC cell lines. D) Important features of significant 

lipids (p-value <0.05) identified from C. E) Heatmap of top 100 

altered lipids from t-test with (p-value <0.05) among HCEC cell lines. 

F) Pathway analysis of major impacted pathways from statistically 

significant lipids. 
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FIGURE 2 
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Figure 2. Untargeted Lipidomic Analysis from RPA and A1309 

A) Volcano plot of top altered lipids in A1309 vs RPA. (p-value <0.05) 

B) Deconstructed Volcano Plot of top lipids by classes in A1309 vs 

RPA. C) Pathway analysis of major impacted pathways from statistically 

significant lipids. 
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FIGURE 3 
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Figure 3. Sphingolipid levels altered in A1309 

Sphingolipids were extracted and analyzed for targeted lipids using 

LC-MS. Samples were normalized to total lipid phosphate (Pi). Total 

levels of  A) dihydroceramides, B) ceramides, C) sphingomyelin, and D) 

hexosylceramides & E) lactosylceramides, F) dihydroceramide species; 

G) ceramide species; H) sphingomyelin species; I) hexosylceramide and 

J) lactosylceramide species. Data represent mean ± SEM. n = 4. 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared with RPA. 
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FIGURE 4 
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Figure 4. Hexosyl- and Lactosylceramides are significantly altered by 

specific SPL inhibitors in A1309 

RPA and A1309 cell lines were treated with inhibitors: ISP-1 (100nM), 

FB1 (50nM), and eliglustat (100nM) then extracted and analyzed for 

targeted lipids using LC-MS. Samples were normalized to total lipid 

phosphate (Pi). Total levels of A) hexoslyceramides and B) 

latosylceramides, C) C16 hexosylceramide, D) C18 hexosylceramide, E) 

C24:1 hexosylceramide, F) C24 hexosylceramide. Data represent mean ± 

SEM; n=4. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 
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