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Figure 14 FB1 protein analysis
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FB1 treated cells (50 uM for 1 hour) reveals loss of CerS isoforms, protein expression was reduced by over 50%.
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Figure 15 FB1 sphingolipid analysis
When isoforms of CerS are inhibited, accumulation of precursor sphingolipids occurs, resulting in a metabolic
imbalance, which is then substantiated in eicosanoid analysis.
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Figure 16 FB1 eicosanoid analysis

In absence of specific isoforms of CerS, anabolism of C1P is inhibited. A compensation phenomenon occurs amongst
the other isoforms, as an attempt to make up for the lack of this essential lipid in maintaining cellular balance. Loss of
all isoforms of CerS hinders the de novo creation of C1P, thereby perturbing downstream eicosanoids.
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Figure 16 Proposed sphingolipid mechanism

In absence of specific isoforms of CerS, anabolism of C1P is inhibited. A compensation phenomenon occurs amongst
the other isoforms, as an attempt to make up for the lack of this essential lipid in maintaining cellular balance. Loss of
all isoforms of CerS hinders the de novo creation of C1P, thereby perturbing downstream eicosanoids.
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Figure 17 Proposed eicosanoid mechanism

Loss of specific isoforms reveals changes in eicosanoid synthesis, revealing that specific chain lengths of C1P have
varying functions in the inflammatory response. Loss of all isoforms using the mycotoxin FB1 portrays similar results to
loss of only CerS6, uncovering the important role this isoform plays in creation of C1P
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CHAPTER THREE: DETERMINE THE AMOUNT OF C1P FROM THE DE NOVO
PATHWAY

Abstract

The dynamic process of wound healing is characterized by four phases:
hemostasis, inflammation, proliferation and remodeling®®. Hemostasis consists of clotting
factors, which function to constrict vasculature, thereby decrease bleeding®. The wound
progresses to the inflammatory phase, which encompasses vasodilation, vascular
permeability, and migration of neutrophils and macrophages®'-2. Once foreign material
is expelled, proliferation ensues, wound closure is initiated by fibroblast and keratinocyte
migration®2. Finally, a new epithelial layer is formed, and cross linkage of collagen occurs,
resulting in a healed wound with ~80% of original tissue strength®*-6%, Previous work in
our lab emphasizes the importance of eicosanoids in wound healing and the role lipids
play as potential therapeutics®®. The interaction between cPLA2, and C1P is essential for
eicosanoid synthesis, but how does upstream sphingolipid synthesis effect C1P creation?
The goal of this chapter is to discern if C1P from different pathways have distinct
function, and to quantify the amount of C1P which derives from the de novo
pathway. The total amount of C1P which derives from de novo is unknown, as ASM is
able to convert SM to Cer for downstream phosphorylation to yield C1P'". Further
exploration of ASM is required to reveal the total amount of Cer that derives from SM,
and whether this pathway of Cer formation is utilized by CERK to yield C1P. NPC1 is

similar in function to ASM, both serve to break down precursor lipids and trafficked from

30



the ER to Golgi®’. In absence of NPC1, we explore whether this has similar effects as
absence of ASM in sphingolipid metabolism, and whether this protein plays a role in C1P
metabolism. Delving into the different pathways of C1P generation, whether de novo
generated C1P is preferred for cPLA2q interaction and downstream inflammatory
processes is unknown. Additionally, examining C1P derived from ASM in comparison to

CerS may reveal distinct functions, such as optimal wound healing.

Introduction

ASM is known to create Cer from SM, but it is unknown the amount of C1P which
derives from each pathway, respectively. To test this, drug treatments will be used to
eliminate respective enzymes from HBEC3-KTs and A549s. Elimination of de novo CerS
using FB1 treatment while elimination of ASM will be accomplished by desipramine
treatment®®. Our negative controls for HBEC3-KTs and A549s will be cells treated with
the solvent the drug was dissolved in, DMSO. If SM cycle catalyzer ASM is inhibited, then
SM specific anabolism of C1P will be absent, then we can determine the total amount of
C1P which derives from the de novo pathway (Fig.5). Grouped analysis will be assessed
in SPSS to determine the statistical significance between these variables by using a 2-

way ANOVA.

NPC1 is a large transmembrane protein found on the membranes of late endosomes,
known for cholesterol trafficking (Fig.19). The function of this lysosomal protein is largely
uncovered, it is suggested to play a role in transporting multiple substrates by cholesterol
regulation??. ASM is known to generate Cer from SM (Fig.5), also a required step for

cholesterol secretion from late endosomal compartments?2. To address this, A549s and
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HBEC3-KTs will be incubated (300,000 cells per 10 cm dish) transfected with
individual siRNA for NPC1 while negative controls will be cells transfected with
nontargeting siRNA. Determining the function of NPC in sphingolipid and eicosanoid
synthesis will be accomplished utilizing aforementioned extraction process from cell
pellets and media with subsequent HPLC/MS analysis. In absence of NPC, we can
determine the role it plays in C1P generation by examining sphingolipids and eicosanoids,

as well as compare its function to that of ASM.

To determine which pathway generates C1P primarily involved in the inflammatory
response, scratch assay will be performed in lung epithelial cells lacking either ASM or
CerS. Both cell lines will be incubated (100,000 cells per well on 24-well plate) overnight®®
and treated with respective inhibitors in 2% FBS to serum starve, FB1 (Cayman Chemical,
treat 10 uM for 4 hours) for CerS depletion and desipramine treatment (Cayman
Chemical, treat 30 uM for 1 hour) for ASM depletion. Using pipette tips to induce
mechanical trauma, cells will be monitored for migration in either de novo specific or SM
specific synthesis of C1P over a 24-hour time lapse via microscopy (Keyence). Wound
healing will be assessed as a migration ratio for each condition, quantified by taking the
area immediately following the scratch and the area of the scratch at each respective time
point>*. In order to determine the metabolomic effects of downstream moieties, media for
each condition will be saved and extracted for eicosanoid synthesis to determine specific

eicosanoids yielded from each pathway.
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Materials and Methods
Cancer Cell Lines and Media

The non-small cell lung cancer (NSCLC) cell line A459 and immortalized human
bronchial epithelial primary cells (HBEC3-KT) infected with human telomerase (hTERT)
and cyclin dependent kinase 4 (CDK4) (purchased from American Type Culture
Collection, ATCC) were cultured in DMEM (A549; Gibco) or Airway Epithelial Cell Basal
Medium and Bronchial Epithelial Cell Growth Kit (HBEC3-KT; Thermofisher). DMEM was
supplemented with 10% fetal bovine serum (FBS, Gibco) and 1% penicillin/streptomycin
(Gibco). Cell lines were maintained in an incubator at 37°C with 95% air and 5% CO2.
Cells were nourished at 80% confluency. For each cell line, subsequent analysis was
performed within the first 10 passages. Prior to harvesting cells for lipid and protein
analysis, all samples were rested for 24 hours in DMEM (Gibco) with 2% serum and 1%
antibiotic to reduce the adverse effects of serum growth factors on eicosanoid and

sphingolipid production.

Protein Extraction and Western Blot Analysis

Cells were harvested on ice in PBS (Gibco), spun down in a microcentrifuge
(Sorvall Legend Micro 21R Centrifuge, Thermofisher) at 3.5 RPM for 5 minutes to remove
supernatant. Prior to sonication, samples were resuspended in CelLytic lysis regent with
1% protease phosphatase inhibitor (Sigma Aldrich). To decrease viscosity, samples were
spun down again. Amount of protein was then quantified using Bradford Protein Assay

according to manufacturer’s instruction (Bio-Rad).
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Samples were prepared for western blot analysis by addition of equal amounts 2x
laemmli buffer with 5% beta-mercaptoethanol (Bio-Rad). Samples were then heated at
100 C for 5 minutes, then 15 ug of protein was run on 10% polyacrylamide gels (Bio-Rad)
using a PowerPac (Bio-Rad) at 30 mV for 15 minutes and 100 mV for 1.5 hours. Protein
was transferred to PVDF membranes using a wet transfer technique according the

manufacturer’s instructions (Bio-Rad).

Membranes were blocked in 3% nonfat milk in TBST (Bio-Rad) for 1 hour, then
blocked overnight at 4 C in primary antibodies outlined in the Reagents and Antibodies
section. Milk was discarded and membranes were washed in TBST for an hour in 15-
minute intervals, then blocked in anti-host secondary antibodies for an additional hour.
After discarding milk, a two-hour TBST wash step took place, then membranes were
imaged using chemiluminescent HRP substrates (Bio-Rad). Images of protein blots were
saved and quantified on Image Lab Software (Bio-Rad), gene silencing was assessed

after normalizing protein expression to loading controls.

Drug Treatment

Seeded at 3.0 x 10° cells per well in a 6-well plate, lung epithelial cells were grown
over a 24 hour period. Drug treatment by 50 uM FB1 (Cayman Chemical) or 70 uM
desipramine hydrochloride (Sigma Aldrich) were applied to cells in 2% serum media.
Controls included cells treated with solvent drug was resuspended in, DMSO
(Dharmacon). After appropriate drug treatment duration, cells were harvested, and media

was conserved for successive analysis.
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Sphingolipid Extraction

In 6-well plates, lung epithelial cells were harvested in PBS (Gibco), centrifuged
and supernatant was removed. Before extraction, samples were temporarily stored at -
80 C. Utilizing monophase bligh dry extraction, cell pellets were vortexed in LC/MS grade
water optima (Thermofisher). Internal standard was added to each sample vial, vortexed
and sonicated to break apart pellets. 2:1 ratio of LC/MS grade methanol to chloroform
(Thermofisher) was added, cells were sonicated individually and placed in a 48 C water
bath shaker (Precision SWB15, Thermofisher) for 6 hours at 30 RPM. Samples were
sonicated prior to centrifugation for 10 min at 4,000 RPM. Organic solvent was transferred
to a glass vial and dried down for 2.5 hours (Savant SPD2010 Speedvac Concentrator,
Thermofisher). 500uL methanol was added to each sample, sonicated the spun down at
4,000 RPM for 1 minute. Aqueous layer was then transferred to autosampler vials for

HPLC-MS analysis

Eicosanoid Extraction

Media from 6-well plates were aliquoted and temporarily saved at -80 C for
subsequent analysis using solid phase affinity chromatography. Media was thawed and
each sample was prepped for extraction by addition of 100uL methanol, SuL acetic acid,
and 20uL internal standard per mL of media (LC/MS grade, Thermofisher). In a vacuum
manifold filter chamber (Agilent Technologies), filter columns were washed by adding 2
mL of methanol, then 2 mL of water (Thermofisher), then sample. To collect misnomer
lipids, remaining sample was resuspended in 5% methanol and applied to filter columns.

Wash tubes (Falcon) were discarded, and eicosanoids were collected by applied 2 mL
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