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Background and Objectives

Chemotherapies like paclitaxel and other microtubule
targeting agents commonly used in treating breast
cancer can induce sensory peripheral neuropathy,
limiting dosage and impacting quality of life.

Human genetic studies in the Kroetz laboratory have
implicated sphingolipid signaling in chemotherapy-
induced peripheral neuropathy (CIPN).

The objective of this study was to evaluate the
impact of paclitaxel on sphingolipid signaling and the
effects of sphingosine kinase inhibition on neurite
degeneration in SH-SY5Y cells.

Methodology

In the current study, SH-SY3Y cells, which express
all sphingosine-1-phosphate receptors (S1PRs)?#
were differentiated into neuron-like cells.

SH-SYJ3Y cells were differentiated over 10 days with
retinoic acid (RA) and growth factors following the
scheme in Figure 1.

Cells were treated on day 10 with the following:
DMSO (vehicle control), PTX (paclitaxel) 0.66 uM or
2 uM, PF543 7 uM sphingosine kinase 1 inhibitor
(SPHK1 inhibitor), or PTX 0.66 uM + PF543 7uM.

Following 48 hr of treatment, neurite degeneration
was assessed using Blll-tubulin staining and high-
content imaging.
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Fig.1: Differentiation of SH-SYS5Y cells into neuron-like
cells and timing of assay.
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Fig 2: Differentiated and treated SH-SYS5Y cells were examined using high content imaging at 20X objective to evaluate the
effect of paclitaxel on neurite networks. Neurites were stained for plll-tubulin with a Tuj1 antibody (green) and
counterstained with DAPI (4',6-diamidino-2-phenylindole, blue). Brightfield images are also shown (row 2) for clarity of the
neurite networks. Insets at 2x magnification show highlighted examples of neurite networks to exhibit the level of neurite

branching and complexity.
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Fig 3:Qualitative detection of sphingolipids in SH-SY5Y cell culture following paclitaxel (PTX) treatment. LC-MS/MS was used to evaluate sphingolipid
signal intensities in single-run analyses across different sample types and treatment conditions (Basal, DMSQO, 0.5 yM PTX, and 1 uM PTX):

(A) Sphingosine (m/z 300.29, RT 0.48 min) was detected in cellular extracts from the single-phase polar fraction. Signal intensity decreased with PTX
treatment, suggesting a possible reduction in intracellular sphingosine levels. (B) Sphingosine-1-phosphate (S1P, m/z 379.13, RT 2.72 min) was
detected in the single-phase polar extract of cell culture media. Signal intensity increased with PTX treatment, indicating potential changes in S1P
secretion or metabolism. (C) C18 ceramide (m/z 565.60, RT 0.48-0.49 min) was detected in the organic (non-polar) phase of cellular extracts. PTX
treatment led to a visible increase in ceramide signal intensity, suggesting treatment-related alterations in non-polar sphingolipid accumulation.

Imaging

SH-SY5Y cells treated with paclitaxel (Fig 2)
demonstrated neurotoxicity and decreased neural
network complexity. Inhibition of sphingosine kinase
did not prevent or attenuate paclitaxel-induced
neurodegeneration.

Sphingolipid Analysis

Cellular extracts showed a decrease of sphingosine
from basal levels when treated with paclitaxel. In
contrast, S1P levels markedly increased in the media
following treatment with 1 uM paclitaxel. Cellular levels
of ceramide also showed some increase in cells treated
with paclitaxel. The data demonstrates successful
detection of key sphingolipids in both intra- and
extracellular compartments, supporting feasibility for
future targeted quantitative studies
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Methodology cont.

Treated cells were also harvested for lipid extraction
using the Bligh and Dyer method. Each sample was
divided into single phase and organic phase extracts.
Samples were dried and then reconstituted for liquid
chromatography-mass spectrometry (LC-MS).

Sphingolipid analysis was performed using a Waters
ACQUITY HILIC-BEH amide column (130 A, 1.7 um,
2.1 mm x 100 mm) coupled to a ThermoFisher Q
Exactive Orbitrap mass spectrometer which was
integrated with an LC Ultimate 3000 system. The
method employed a flow rate of 3550 ulL/min

throughout the process and was completed in a 7-
minute gradient run.

Mobile Phase A: 50% water, 50% acetonitrile with
0.5% formic acid.

Mobile Phase B: 95% (solution of 70% acetonitrile
30% IPA), 5% water, and 20 mM ammonium formate.

Discussion

SH-SY5Y cells showed expected neurodegeneration
when treated with paclitaxel. However, inhibition of
sphingosine  kinase with PF543 was not
neuroprotective under the single condition tested.
Future studies could explore optimizing PF543
treatment conditions (e.q., concentration,
preincubation, treatment time) and direct
measurement of S1P levels to confirm effects on S1P
biosynthesis.

Sphingosine, S1P, and ceramide are detectable in SH-
SYSY cell extracts and media and preliminary studies
suggest that paclitaxel treatment modulates these
levels.

Future studies will quantify sphingolipid levels in cells
treated with a panel of sphingolipid metabolism
modulators to examine the effect of paclitaxel on lipid
levels.
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