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Abstract

Background: The use of neural stem cells (NSCs) to facilitate neurogenesis and improve impaired neural functions has attracted signifi-
cant attention. Serine palmitoyltransferase long chain base subunit 2 (SPTLC2) induces apoptosis of neurons, while themitogen-activated
protein kinase (MEK)/extracellular signal-regulated kinase (ERK) pathway promotes NSC differentiation and proliferation. This study
investigated the roles of SPTLC2 and the MEK/ERK pathway on the proliferation and metabolic activity of NSCs. Methods: SPTLC2
expression was altered through plasmid transfection and verified by Western blot and polymerase chain reaction (PCR) analyses. The
effects of altered SPTLC2 expression on the metabolic activity and proliferation of NSCs were subsequently assessed using a cell count-
ing kit and staining with 5-ethynyl-2’-deoxyuridine (EdU). Western blotting was used to examine the relationship between SPTLC2 and
the MEK/ERK pathway by investigating changes in protein expression. To determine whether SPTLC2 acts via the MEK/ERK pathway,
the activation state of this pathway was manipulated with U0126 and Erucin. Western blot and EdU staining were used to assess whether
SPTLC2 affected the proliferation and metabolic activity of NSCs via the MEK/ERK pathway. Results: Plasmid transfection led to sig-
nificant changes in SPTLC2 expression at both the mRNA (p < 0.01) and protein (p < 0.05) levels. SPTLC2 overexpression significantly
reduced the proliferation and metabolic activity of NSCs (p < 0.05), whereas SPTLC2 knockdown mediated by siRNA significantly
enhanced both parameters (p < 0.05). Western blot analysis revealed that the ratios of p-MEK/MEK and p-ERK/ERK were inversely
correlated with the expression level of SPTLC2 (p < 0.05). Pharmacological modulation of theMEK/ERK pathway significantly reversed
the SPTLC2-induced changes in pathway activity (p < 0.05) and partially restored the associated proliferative phenotypes. Conclusions:
These findings indicate that SPTLC2 overexpression inhibits the proliferation and metabolic activity of NSCs, and that downregulation
of SPTLC2 promotes these processes. The effects of SPTLC2 on NSCs were functionally associated with the MEK/ERK pathway.
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1. Introduction

Neural stem cells (NSCs) have attracted significant at-
tention in neuroscience and regenerative medicine because
of their potential to differentiate into neurons, oligodendro-
cytes, and astrocytes. NSCs have self-renewal capacity and
multiple-differentiation potential. Undifferentiated NSCs
do not express mature cell antigens and are therefore less
likely to be recognized and attacked by the immune sys-
tem, making them safer for use in cell transplantation ther-
apy [1]. NSCs were initially isolated primarily from neu-
ral tissue of the embryonic brain, such as the hippocam-
pus and subventricular region [2]. Some specific areas of
the adult brain, such as the dentate gyrus of the hippocam-
pus and subependymal zone, also contain a small number of
NSCs. These can be partially activated under certain condi-
tions, such as injury, bleeding, ischemia, hypoxia, and alter-
ations in the microenvironment [3,4]. Because of their dif-
ferentiation potential, NSCs have been extensively studied
as therapy for a variety of neurological conditions, such as

multiple sclerosis, stroke, brain injury, Alzheimer’s disease
and Parkinson’s disease [5,6,7]. NSCs can facilitate axon
regeneration and myelination, accelerate the neuron repair
process, and assist in improving the functional recovery of
nerves [8]. Although NSCs have demonstrated great poten-
tial in the treatment of nervous system diseases, numerous
challenges remain, including cell survival after transplanta-
tion, control of differentiation, immune response, and ethi-
cal issues. Future research is expected to address these chal-
lenges by optimizing the isolation, culture, and transplanta-
tion of NSCs, thereby facilitating their transition from basic
research to clinical applications.

Serine palmitoyltransferase long chain base subunit 2
(SPTLC2) is a component of the serine palmitoyl trans-
ferase complex and plays a key role in sphingolipid biosyn-
thesis [9]. Sphingolipids are important components of cell
membranes and are indispensable for cell signaling. They
maintain the structural integrity of cells and are involved
in various cell signaling pathways. Sphingolipids are also
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essential for maintaining the stability and function of cell
membranes, as well as cell growth, differentiation, and
apoptosis [10]. Through its key role in the synthesis of
sphingolipids, SPTLC2 is therefore involved in cell mem-
brane construction. One study showed that alterations in
the activity of sphingolipid-metabolizing enzymes, such as
ceramide synthase, influenced the survival and proliferation
of NSCs [11]. The authors reported that inhibiting ceramide
synthase increased the survival rate of NSCs and facilitated
their proliferation. Another study reported that the direc-
tion of differentiation of NSCs into neurons or glial cells
is influenced by the regulation of sphingolipid metabolism
[12]. SPTLC2 gene mutations have been associated with
several genetic disorders, such as hereditary sensory auto-
nomic neuropathy type 1C. This disorder affects the sensory
and autonomic nervous systems, and patients may experi-
ence symptoms including sensory loss and autonomic dys-
function [13]. Enzymes that affect lipid metabolites, such
as sphingosine kinase 2, can affect cell membrane prop-
erties, including the distribution and metabolic activity of
receptors on the membrane. These changes can activate
the mitogen-activated protein kinase (MEK)/extracellular
signal-regulated kinase (ERK) pathway [14]. Sphingosine-
1-phosphate (S1P) has been shown to affect the MEK/ERK
signaling pathway [15], while SPTLC2 can influence the
expression of S1P [16]. SPTLC2 can therefore directly or
indirectly affect NSC differentiation and function by af-
fecting lipid molecule formation. Considering the role of
SPTLC2 in lipid metabolism and the extensive impact of
the MEK/ERK pathway on cell function, SPTLC2 may in-
directly affect cell metabolic activity and the MEK/ERK
pathway by regulating the lipid environment of cell mem-
branes. However, direct evidence is still lacking, and fur-
ther verification of this hypothesis is required.

The MEK/ERK pathway has a crucial role in cell sig-
naling and participates in a number of important biologi-
cal processes, including cell proliferation, differentiation,
growth, and apoptosis. MEK is a bispecific protein kinase
that phosphorylates and activates downstream ERK protein
kinases. ERK is a member of the mitogen-activated pro-
tein kinase family. Upon activation, it translocates to the
nucleus and regulates the activity of transcription factors to
influence gene expression. Under physiological conditions,
the MEK/ERK pathway is critical for the regulation of cell
growth, differentiation and survival, and for maintaining
tissue homeostasis and development [17]. This pathway
has been implicated in NSC proliferation, differentiation,
migration, apoptosis and other processes [18,19,20]. In the
current study, we investigated whether SPTLC2 influences
the proliferation and metabolic activity of NSCs via the
MEK/ERK pathway.

2. Materials and Methods
2.1 NSC Culture

Fourteen-day pregnant SD rats (Huafukang Bio, Bei-
jing) were euthanized byCO2 inhalation (30% chamber vol-
ume/min high-flow gradient ascent method). After confir-
mation of death, the animals were decapitated, and the fe-
tuses were removed after alcohol disinfection. The cortical
and hippocampal regions were isolated under sterile condi-
tions and cut into small pieces in phosphate-buffered saline
(PBS) on ice. After washing three times with D-Hank’s so-
lution, the tissues were incubated with a solution containing
0.125% trypsin and 0.02% ethylenediaminetetraacetic acid
(EDTA, Solarbio, Beijing, China) for 10 min at 37 °C. The
tissues were then dissociated using a 5 mL pipette and fil-
tered through a copper mesh to eliminate tissue blocks from
the cell suspension. The cell suspension was subsequently
centrifuged (1000 ×g for 3 min), and the trypsin-EDTA
solution was then removed. The cells were initially sus-
pended in DMEM/F-12 (Keygenbio, Jiangsu, China) con-
taining 10% fetal bovine serum (FBS) for post-digestion
stabilization and washing. After washing three times (3x)
with serum-free medium to completely remove FBS, the
cells were resuspended in serum-free DMEM/F-12 contain-
ing 20 ng/mL each of basic fibroblast growth factor (bFGF)
and epidermal growth factor (EGF) (Gibco, Grand Island,
NY, USA) for long-term maintenance of NSCs. Half of
this medium was changed every 2–3 days, and the cells
were subcultured every 5–7 days. The NSCs were subcul-
tured 3x and then seeded into 6-well plates at a density of
1×105 cells/mL for subsequent experiments. The plates had
been previously coated with poly-L-ornithine (15 μg/mL,
overnight at 37 °C) and laminin (10 μg/mL, 4 h at 37 °C).

2.2 Changes in SPTLC2 Expression After Transfection

Following the 2–3-day culture period, cells were
transfected with the SPTLC2 overexpression vector and
interference vector using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) as recommended by the manufacturer.
pcDNA3.1-SPTLC2 (2 μg; ZHBY Bio, Nanchang, China)
and Lipofectamine 2000 (10 μL) were diluted in 125 μL of
Neurobasal medium (Gibco) and subsequently incubated at
room temperature for 20 min. After washing 3x with PBS,
the cells were incubated with transfection solutions for 6
h, after which the solutions were replaced with Neurobasal
medium containing 0.5 mM glutamine (Gibco) and 2%B27
(Gibco). Similarly, small interfering (si)SPTLC2-356 (2
μg), siSPTLC2-739 (2 μg), siSPTLC2-1095 (2 μg), and
empty vector as a negative control (NC) (2 μg) were indi-
vidually transfected into cells using the same approach. The
siRNA sequences targeting rat SPTLC2 are in Supplemen-
tary Table 1. The cells were assigned to groups as follows:
control, SPTLC2 overexpression (OE) NC, SPTLC2 OE,
si-SPTLC2 NC, and si-SPTLC2. The cells in each group
were treated for 48 h for subsequent evaluation.
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2.3 Identification of the Appropriate Concentrations of
Erucin and U0126

Ten mg of Erucin (#HY-121323, MedChemExpress
LLC, Shanghai, China) was dissolved in 1.55 mL dimethyl
sulfoxide (DMSO) to give a 40 mM stock solution, and
10 mg of U0126 (#HY-12031, MedChemExpress) was dis-
solved in 1.172 mL of DMSO to prepare a 20 mM stock so-
lution. These stock solutions were then diluted to achieve
drug concentrations of 0, 1, 2, 5, 10, and 20 μM. The exper-
imental procedures for determining cell metabolic activity
using the CCK-8 assay are described in Section 2.7.

2.4 Quantitative Real-Time Polymerase Chain Reaction
(qPCR)

Total RNA was extracted from cells using TRI-
zol reagent (Wanleibio, Shenyang, China), with mRNA
subsequently isolated using an RNA ultrapure extrac-
tion kit (Wanleibio). The mRNA concentration and pu-
rity (OD260/OD280) were determined with an ultravio-
let‒visible spectrophotometer (UV2500, Tianmei Instru-
ment, Shanghai, China). An RNA reverse transcription kit
(Sangon Biotech, Shanghai, China) was used to synthesize
cDNA. Fluorescence quantitative PCR (Bole Life Medical
Products Co., Ltd., Shanghai, China) was performed under
the following cycling conditions: pre-denaturation for 10
min at 95 °C, then 40 cycles of denaturation for 10 s at 95
°C, annealing for 30 s at 58 °C, and extension for 30 s at 72
°C. The 2^-△△Ct method was used to calculate relative gene
expression, with Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) used as the internal reference. Table 1 lists
the primer sequences.

Table 1. Primer sequences for SPTLC2 and GAPDH.
Primer Sequence (5′-3′)

GAPDH_F GACAACTTTGGCATCGTGGA
GAPDH_R ATGCAGGGATGATGTTCTGG
SPTLC2_F ACTGTCGGGAGCAACCATTC
SPTLC2_R CGAACAATAGACCCTTCCATGCT
SPTLC2, serine palmitoyltransferase long chain base
subunit 2; GAPDH, Glyceraldehyde 3-phosphate dehy-
drogenase.

2.5 Western Blotting
Cells were first washed with PBS, incubated in ly-

sis buffer (Sangon), then scraped to one side and drawn
into a labeled Eppendorf (EP) tube using a pipette. They
subsequently underwent complete disruption using a cell
disruptor. Following centrifugation (12,000 r/min for 10
min), the supernatant was removed and placed into a new
EP tube. Bicinchoninic acid (BCA) buffer solution (San-
gon) was then added, and the EP tube was placed into
boiling water for 5 min before measuring the protein con-
centration using the BCA method. The volume of sam-

ple for loading onto the gel was then adjusted to give
6 μg of protein in each well. Proteins underwent sep-
aration using sodium dodecyl sulfate‒polyacrylamide gel
electrophoresis (SDS‒PAGE; Wanleibio) and were subse-
quently transferred onto a polyvinylidene fluoride mem-
brane (Millipore, Billerica, USA). A 5% skim milk powder
solution was used to block the membrane before incubat-
ing overnight at 4 °C with primary antibodies against the
following proteins: SPTLC2 (1:1000, #51012-2-AP, Pro-
teintech, Chicago, IL, USA), MEK1/2 (1:1000, #af6385,
Affinity Biosciences, Cincinnati, OH, USA), p-MEK1/2
(1:1000, #DF7768, Affinity), ERK1/2 (1:1000, #AF0155,
Affinity), p-ERK1/2 (1:1000, #AF1015, Affinity), and β-
Actin (1:2000, #HC201, TransGenbiotech, Beijing, China).
The horseradish peroxidase (HRP)-conjugated secondary
antibodies were goat anti-mouse IgG (H+L) (1:2000;
#GB23301; Servicebio, Wuhan, China) or goat anti-rabbit
IgG (H+L) (1:2000; #GB23303; Servicebio). Enhanced
chemiluminescence solution (Wanleibio) was subsequently
used to visualize the protein bands.

2.6 Immunofluorescence Staining

Cells were fixed in 4% paraformaldehyde for 15 min,
washed 3x in PBS, permeabilized with 0.5% Triton X-100
for 15 min, washed again 3x with PBS, and subsequently
incubated for 30 min with blocking buffer (Beyotime, Bei-
jing, China). They were then incubated at 4 °C overnight
with anti-nestin antibody (1:200; #DF7754; Affinity Bio-
sciences). After washing, a fluorescent secondary antibody
(1:200; #AS007; ABclonal Technology, Wuhan, China)
was added. Finally, the nuclei were stained with 4',6-
diamidino-2-phenylindole (DAPI, #KGE2505-10; KeyGen
Bio, Nanjing, China) and the samples examined under a flu-
orescence microscope (CKX53; Olympus, Tokyo, Japan).
Nestin-positive cells were recorded at 400× magnifica-
tion. Cells with clear nuclear DAPI staining and cyto-
plasmic/membranous nestin fluorescence above the back-
ground threshold were counted as positive. The percent-
age was calculated as follows: (nestin-positive cells / total
DAPI-positive cells) × 100%.

2.7 CCK-8 Assay

In accordance with Section 2.2, 96-well plates were
prepared and labeled for grouping after cell transfection.
To each well, 100 μL of cell suspension was added, and
the cells were cultured for 24 h at 37 °C in a 5% CO2
incubator. Subsequently, CCK-8 reagent (KeyGen Bio)
was added (10 μL), and incubation continued for a further
2 h. Finally, the absorbance at 450 nm wavelength was
measured in each well using an enzyme labeling instru-
ment (WD-2012B, Beijing 61 Instrument Factory, Beijing,
China). Various concentrations of Erucin or U0126 were
prepared as described in Section 2.3. Following treatment
with these compounds, the cell metabolic activity of NSCs
was evaluated using the previously described CCK-8 assay.
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Fig. 1. Identification of neural stem cells (NSCs) using fluorescence staining. NSCs were immunostained using antibodies against
nestin. Scale bar: 100 μm (400× magnification). DAPI, 4',6-diamidino-2-phenylindole.

2.8 EdU Cell Proliferation Assay

Cell proliferation capacity was assessed with the 5-
ethynyl-2'-deoxyuridine (EdU) assay kit (Beyotime). Cells
were assigned to the following groups: control, control +
DMSO, control + NC, SPTLC2 OE, SPTLC2 OE + NC,
si-SPTLC2, si-SPTLC2 + NC, SPTLC2 OE + si-SPTLC2,
SPTLC2 OE + Erucin, and si-SPTLC2 + U0126. Follow-
ing the above treatment for 48 h, cells were incubated with
EdU working solution (10 μM) diluted in fresh medium
for 2 h. After removal of the supernatant, the cells were
fixed for 15 min with 4% paraformaldehyde and then in-
cubated with 0.5% Triton X-100 for 10 min at room tem-
perature. Click reaction solution was subsequently added
to the samples and incubated for 30 min in the dark. Af-
ter each step, the cells were rinsed with PBS 3x for 3 min
each. Cell nuclei were then counterstained with 1 mL of
1x Hoechst 33342 (Beyotime) and kept in the dark for 10
min at room temperature. After removing Hoechst 33342
solution, the cells were subsequently washed 3x with PBS
for 3 min each before observation under a fluorescence mi-
croscope (Olympus). EdU-positive cells were identified by
red fluorescence signal exceeding the threshold set by the
negative control samples. The total cell number was deter-
mined by DAPI-stained nuclei, and the EdU labeling index
was calculated as follows: (EdU-positive cells / total DAPI-
positive cells) × 100%.

2.9 Statistical Analysis

GraphPad Prism (V8, GraphPad Software Inc., San
Diego, CA,USA) and ImageJ (V1.8.0, NIH, Bethesda,MD,
USA) were used to analyze the data, with experiments re-
peated at least three times. The data represent the aver-
age of three independent experiments and are presented as
the mean ± standard deviation (SD). For experiments in
which all treatment conditions were processed in parallel
within each independent experiment (i.e., cells from the
same batch and passage were split and treated simultane-
ously), repeated-measures one-way ANOVA was used for
the overall comparison among groups, followed by paired
two-tailed t-tests for pre-specified pairwise comparisons.

For comparisons between two independent groups, an un-
paired two-tailed t-test was used, and one-way ANOVA fol-
lowed by Tukey's multiple comparisons test was applied for
multiple independent groups. A p-value of < 0.05 was used
as the threshold for statistical significance.

3. Results
3.1 Immunofluorescence Identification of NSCs

First, the cultured cells were confirmed to be NSCs.
As shown in Fig. 1, bright red fluorescence was observed
under a fluorescence microscope, indicating positive ex-
pression of nestin, a marker of NSCs. This result confirmed
the cultured cells were NSCs and thus suitable for further
studies.

3.2 Verification of the Transfection Efficiency of SPTLC2
Overexpression and Interference Vectors Using qPCR and
Western Blot

We investigated the effect of transfection on SPTLC2
expression, and also identified and validated the most ap-
propriate intervention conditions. The results of qPCR and
Western blot indicated significantly more SPTLC2 expres-
sion in the overexpression (OE) group than in the OE neg-
ative control (NC) group. Conversely, SPTLC2 was lower
in the Si-SPTLC2-1095 group compared to the interference
NC group. In subsequent experiments, the Si-SPTLC2-
1095 group is designated the Si-SPTLC2 group (Fig. 2).

3.3 CCK-8 Assay to Assess the Effect of SPTLC2
Expression on NSC Metabolic Activity

The metabolic activity of NSCs was evaluated us-
ing the CCK-8 assay. The cell metabolic activity of the
SPTLC2-OE group was lower than that of the control and
SPTLC2-OE-NC groups. Conversely, cell metabolic activ-
ity was higher in the si-SPTLC2 group compared to the con-
trol group and si-SPTLC2-NC group (Fig. 3). The above
findings suggest that overexpression of SPTLC2 inhibits
the metabolic activity of NSCs, whereas decreased expres-
sion of SPTLC2 enhances the metabolic activity of NSCs.
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Fig. 2. Verification of the transfection efficiency of SPTLC2 overexpression and interference vectors. (A,D) Western blotting to
assess SPTLC2 expression. (B,E) Quantification of Western blots. (C,F) SPTLC2 expression was quantified using quantitative real-time
polymerase chain reaction (qPCR), withGAPDH serving as the control. The results shown represent the mean ± standard deviation (SD)
of three experiments. *p < 0.05 vs. control group. #p < 0.05 vs. negative control (NC) group. OE, overexpression.

Fig. 3. Effect of SPTLC2 expression on the metabolic activity
of NSCs. The data shown represent the mean ± SD from three
experiments. *p < 0.05.

3.4 SPTLC2 Expression and the Proliferation of NSCs

In this experiment, we used the EdU assay to exam-
ine the impact of SPTLC2 expression on NSC prolifera-
tion. Nuclei stained with DAPI display blue fluorescence,
while proliferating cells with EdU staining exhibit red flu-
orescence (Fig. 4). A lower level of red fluorescence was
found in the SPTLC2-OE group compared to the control
and SPTLC2-OE-NC groups, indicating reduced cell pro-
liferation. Conversely, the higher level of red fluorescence

in the Si-SPTLC2 group compared with the si-SPTLC2-
NC group indicates enhanced cell proliferation (Fig. 4).
This finding suggests that overexpression of SPTLC2 in-
hibits NSC proliferation, whereas decreased expression of
SPTLC2 enhances the proliferation of NSCs.

3.5 SPTLC2 Expression and the MEK/ERK Pathway

Next, Western blot analysis was performed to de-
termine whether SPTLC2 expression affects protein ex-
pression within the MEK/ERK signaling pathway. The
SPTLC2 protein ratio was significantly higher in the
SPTLC2-OE group compared to the SPTLC2-OE-NC
group, whereas p-MEK/MEK and p-ERK/ERK ratios were
significantly lower. In contrast, the si-SPTLC2 group
had significantly lower expression of SPTLC2 protein than
the si-SPTLC2-NC group, while the p-MEK/MEK and
p-ERK/ERK ratios were significantly higher in the si-
SPTLC2 group (Fig. 5). These findings suggest that
SPTLC2 expression is inversely proportional to the activa-
tion state of the MEK/ERK pathway.

3.6 Selection of Appropriate Concentrations of Erucin and
U0126

Erucin is an isothiocyanate that is abundant in arugula.
It exerts anticancer, neuroprotective and anti-inflammatory
effects and is also an efficient activator of the MEK/ERK
pathway [21,22,23]. In contrast, U0126 is an inhibitor
of the MEK/ERK pathway. It inhibits MEK1 and MEK2
activities in a noncompetitive manner, thereby preventing
them from phosphorylating ERK1/2 [24,25]. We prepared
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Fig. 4. SPTLC2 expression and the proliferation of NSCs. (A) EdU fluorescence staining (400× magnification). (B) Quantification
of 5-ethynyl-2'-deoxyuridine (EdU) fluorescence staining. The results shown represent the mean ± SD of three experiments. *p < 0.05.
Scale bar: 100 μm.

Erucin and U0126 at concentrations of 0, 1, 2, 5, 10 and 20
μM and examined their effects on cell metabolic activity

using the CCK-8 assay to determine the optimal concen-
trations. At a concentration of 10 μM, Erucin significantly
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Fig. 5. SPTLC2 expression correlates inversely with the expression of proteins linked to the mitogen-activated protein kinase
(MEK)/extracellular signal-regulated kinase (ERK) pathway. (A,E) Western blot detection of SPTLC2, p-MEK, MEK, p-ERK, and
ERK proteins. (B–D,F–H) Quantification of Western blot data, with actin serving as a control. The results shown are the mean ± SD
from three experiments. *p < 0.05.

promoted cell metabolic activity, whereas at 20 μM it inhib-
ited cell metabolic activity (Fig. 6A). U0126 significantly
inhibited cell metabolic activity at concentrations of 5, 10
and 20 μM (Fig. 6B). Therefore, in subsequent experiments
we used Erucin at a concentration of 10 μM and U0126 at
a concentration of 5 μM.

3.7 SPTLC2 Expression and NSC Proliferation

This experiment was conducted to examine the effect
of SPTLC2 on NSCs and to exclude the possible influence
of the solvent DMSO. Cells treated with DMSO exhibited
no significant change in cell proliferation. The difference
in SPTLC2 protein expression between the control and con-
trol + DMSO groups did not reach statistical significance.
After transfection with the SPTLC2 OE vector, the pro-
tein expression of SPTLC2 increased significantly, while
the proliferative capacity of NSCs decreased significantly.
Conversely, when cells transfected with the SPTLC2 OE
vector were subsequently transfected with the SPTLC2 in-
terference vector, SPTLC2 protein expression decreased,
and the proliferation ability of NSCs increased significantly
(Fig. 7).

3.8 Erucin Increases and U0126 Suppresses the
Expression of MEK/ERK Pathway Proteins

We next examined whether an activator or inhibitor
of the MEK/ERK pathway could reverse the impact that

SPTLC2 has on this pathway. Our goal was to determine
whether the effect of SPTLC2 on the proliferation of NSCs
occurs via the MEK/ERK pathway. Following overex-
pression of SPTLC2 in the SPTLC2-OE group, the ratios
of pMEK/MEK and pERK/ERK decreased significantly.
SPTLC2 protein expression was lower in the SPTLC2-
OE + Erucin group than in the SPTLC2-OE group, and
the pMEK/MEK and pERK/ERK ratios were significantly
higher. Following suppression of SPTLC2 protein expres-
sion, the ratios of pMEK/MEK and pERK/ERK increased
significantly. Higher protein expression of SPTLC2 was
observed in the si-SPTLC2 + U0126 group compared to
the si-SPTLC2 group, while the ratios of pMEK/MEK and
pERK/ERK were significantly decreased (Fig. 8). These
results indicate that Erucin and U0126 can partially alter
the impact that SPTLC2 has on the MEK/ERK pathway.

3.9 SPTLC2 Effects on NSC Proliferation Are
Functionally Coupled With the MEK/ERK Pathway

We next assessed NSC proliferation after manipulat-
ing MEK/ERK pathway activity. NSC proliferative ca-
pacity decreased significantly after transfection with the
SPTLC2 OE vector, which was partially restored by treat-
ment with Erucin (although this trend did not reach statisti-
cal significance). Transfection with the si-SPTLC2 vector
significantly increased the proliferative capacity of NSCs,
which was attenuated by treatment with U0126 (although
this trend did not reach statistical significance) (Fig. 9).
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Fig. 6. Identification of the optimal concentrations of Erucin andU0126 for subsequent experiments. (A) Erucin drug concentration
test. (B) U0126 drug concentration test. The data shown are the mean ± SD from three experiments. *p < 0.05 vs. 0 μM group.

Collectively, the above results suggest that SPTLC2 may
regulate NSC proliferation via the MEK/ERK pathway.

4. Discussion
The modulation of SPTLC2 expression or MEK/ERK

pathway activation status revealed that SPTLC2 signifi-
cantly affects the proliferation and metabolic activity of
NSCs. Moreover, this effect is functionally coupled
with the MEK/ERK pathway. This study provides in
vitro evidence that SPTLC2 inhibits NSC proliferation
and metabolic activity, while also investigating the possi-
ble mechanism. Using the CCK-8 assay and EdU stain-
ing, the proliferation and metabolic activity of NSCs were
found to decrease when SPTLC2 was overexpressed, but
increase when SPTLC2 was downregulated. In addition,
SPTLC2 expression levels were inversely correlated with
theMEK/ERK pathway activation status. Therefore, we in-
fer that SPTLC2 influences NSCs via the MEK/ERK path-
way, although the present data demonstrate functional cou-
pling rather than a molecular mechanism.

The MEK/ERK pathway has a critical role in regu-
lating the proliferation of NSCs. Several growth factors
(e.g., EGF, FGF) and cytokines promote NSC prolifera-
tion via MEK/ERK pathway activation [26]. ERK activa-
tion regulates the expression of cell cycle genes, thereby
propelling cells into the division cycle. The MEK/ERK
pathway also has an important role in maintaining the sur-
vival of NSCs [27]. ERK activation inhibits apoptotic path-
ways and promotes the expression of anti-apoptotic pro-
teins, thereby protecting NSCs from various stress factors.
We observed a clear inverse relation between the metabolic
activity/proliferation of NSCs and SPTLC2 expression. To
determine whether SPTLC2 regulates NSC metabolic ac-

tivity and proliferation via the MEK/ERK pathway, we ma-
nipulated SPTLC2 expression and applied pharmacological
activators and inhibitors of the MEK/ERK pathway. After
transfection with the SPTLC2 OE vector, cell metabolic ac-
tivity and proliferation decreased significantly, while cell
metabolic activity and proliferation improved after subse-
quent treatment with Erucin. Conversely, after transfection
with si-SPTLC2, cell metabolic activity and proliferation
increased significantly, whereas subsequent treatment with
U0126 reduced both parameters. These results demonstrate
the following functional interaction: MEK/ERK pathway
activation alleviates the inhibitory effect of high SPTLC2
expression on NSC metabolic activity and proliferation,
whereas inhibition of this pathway exacerbated these ef-
fects. Based on the literature, we speculate that SPTLC2
can influence the MEK/ERK pathway through multiple
mechanisms. First, SPTLC2 may catalyze the generation
of S1P, which can bind to sphingosine-1-phosphate recep-
tor1/3 and potentially activate theMEK/ERK pathway [28].
Second, intracellular S1P, as a second messenger, may di-
rectly bind to and inhibit histone deacetylase1/2, result-
ing in histone acetylation. This could lead to overexpres-
sion of dual-specificity phosphatase 6 and the dephospho-
rylation of ERK, potentially forming a negative feedback
loop [29,30,31]. The latter mechanism could explain why
MEK/ERK activity declined when SPTLC2 was overex-
pressed. However, this interpretation conflicts with the first
hypothesis, possibly because of the localization and mech-
anism of action of S1P, and therefore requires further re-
search. Third, excessive SPTLC2 expression may drive ce-
ramide accumulation, which could activate protein phos-
phatase 2A, potentially leading to the dephosphorylation of
rapidly accelerated fibrosarcoma (RAF) proteins, thereby
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Fig. 7. SPTLC2 inhibits NSC proliferation. (A) The proliferative capacity of NSCs was analyzed using EdU staining (400× magnifica-
tion). (B) Quantification of EdU fluorescence staining. (C) Western blot detection of SPTLC2 expression. (D) Quantification of Western
blots, with actin serving as a control. Results shown are the mean ± SD from three experiments. *p < 0.05. Differences between Control,
Control + DMSO, and Control + NC groups did not reach statistical significance (p > 0.05). Scale bar: 100 μm. DMSO, dimethyl
sulfoxide.

inhibiting the MEK/ERK pathway [32,33]. Fourth, by al-
tering the sphingolipid-to-cholesterol ratio, SPTLC2 may
disrupt lipid-raft integrity, potentially modulating EGF re-
ceptor clustering and affecting MEK/ERK pathway activ-
ity [34,35]. Finally, SPTLC2 may alter the composition
of mitochondrial sphingolipids, thereby affecting electron
transport chain efficiency and altering production of reac-
tive oxygen species. This could activate redox-sensitive
phosphatases, potentially leading to dephosphorylation of
ERK [36].

Several limitations of this study should be acknowl-
edged. Conventional in vitro models lack the intricate
cellular crosstalk among neurons, vascular compartments
and immune cells, and therefore cannot fully simulate the

complex brain microenvironment. As yet, there is no evi-
dence to support a direct interaction between SPTLC2 and
components of the MEK/ERK pathway. A comprehen-
sive literature search and interrogation of protein interac-
tion databases (e.g., STRING, BioGRID) failed to reveal
any documented physical association between SPTLC2 and
MEK/ERK pathway constituents. Future studies should
therefore employ co-immunoprecipitation or fluorescence
co-localization assays to identify potential direct binding
partners of SPTLC2. Our experimental results do not
exclude the possibility that cell cycle arrest serves as a
confounding factor. The CCK-8 assay measured cellular
metabolic activity rather than cell viability. Future stud-
ies using time-course analysis of cell cycle distribution
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Fig. 8. The effects of Erucin and U0126 on SPTLC2 and the MEK/ERK pathway. (A,E) Western blot analysis of SPTLC2, p-MEK,
MEK, p-ERK, and ERK proteins. (B–D,F–H) Quantification of Western blot data, with actin serving as the control. The results shown
are the mean ± SD of three experiments. *p < 0.05.

and DNA synthesis rates (EdU/BrdU incorporation), An-
nexin V/PI apoptosis assays, and Ki67 immunostaining are
needed to definitively establish the underlying mechanism.
We also acknowledge that relying solely on EdU incorpo-
ration to assess cell proliferation dynamics has limitations.
EdU labels S-phase cells but does not provide information
on the rate of cell cycle progression, G1/S transition effi-
ciency, or the proportion of quiescent (G0) cells. The in-
clusion of cell-cycle markers such as Cyclin D1, p21, or
Ki67 in future studies should provide a more comprehen-
sive picture of proliferation kinetics. It is important to em-
phasize that the pharmacological interventions with Erucin
and U0126 do not establish direct pathway specificity for
the observed functional association between SPTLC2 and
NSC proliferation. Erucin exerts pleiotropic biological ef-
fects beyond MEK/ERK activation, including antioxidant
activity and Nrf2 pathway activation [21,23]. Therefore,
the rescue effect observed with Erucin treatment could not
be exclusively attributed to reactivation of the MEK/ERK
pathway. An additional critical caveat in interpreting our
pharmacological rescue data is that both Erucin and U0126
treatments per se altered endogenous SPTLC2 protein lev-
els (Fig. 8). Consequently, the pharmacological rescue
experiments cannot unambiguously determine whether the
observed phenotypic effects aremediated by theMEK/ERK
pathway or by drug-induced modulation of SPTLC2 ex-
pression, or both. Future studies employing genetic ap-
proaches to specifically modulate MEK/ERK activity with-
out concomitant changes in SPTLC2 levels (e.g., CRISPR-

mediated MEK1/2 knockout in SPTLC2-overexpressing
cells) will be necessary to resolve this ambiguity and estab-
lish a clearer causal relationship. However, we found that
Erucin/U0126 treatment reversed the molecular signature
and largely restored the functional phenotype of SPTLC2-
manipulated NSCs toward baseline. Collectively, our re-
sults provide convergent evidence to support involvement
of the MEK/ERK pathway in this process.

Given its critical role in NSCs, targeted modulation
of MEK/ERK is being explored as a therapeutic strategy
for neurological disorders. For instance, activation of this
pathway facilitates NSC proliferation and differentiation,
thereby promoting the repair and regeneration of nerve
damage. Since the MEK/ERK pathway plays a critical role
in the biological function of NSCs, a deeper understand-
ing of its mechanisms may yield novel therapeutic strate-
gies and molecular targets for neurological diseases. How-
ever, NSC-based therapies carry the risk of tumorigenesis
[37]. The MEK/ERK pathway is associated with tumor
formation, and it remains to be determined whether mod-
ulation of this pathway via SPTLC2 can suppress tumor
formation during NSC therapy. In theory and under cer-
tain conditions, NSCs are highly operable, with the ability
to bypass the blood–brain barrier and contribute to the re-
pair of damaged neural functions [38,39,40]. Nevertheless,
NSC therapy currently encounters difficulties in maintain-
ing cell metabolic activity and function during implantation
in vivo [41]. This may lead to a low survival rate and poor
prognosis for transplanted NSCs. If verified in vivo, mod-
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Fig. 9. Effects of different treatments on the proliferative capacity of NSCs. (A) EdU fluorescence staining (400× magnification).
(B) Quantification of EdU fluorescence staining. The results shown are the mean ± SD from three experiments. *p < 0.05. NSp > 0.05.
Scale bar: 100 μm.

ulating the activity of SPTLC2 may open new possibilities
for NSCs in the transplantation environment by enhancing

their survival and proliferation, thus offering a novel ap-
proach for clinical treatment.
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5. Conclusion
Our results showed that SPTLC2 overexpression in-

hibits the proliferation and metabolic activity of NSCs
via the MEK/ERK pathway, whereas downregulation of
SPTLC2 enhances these processes through the same path-
way. Moreover, SPTLC2 represents a potential drug tar-
get, and modulating its activity may provide novel thera-
peutic strategies for diseases characterized by aberrant sph-
ingolipid metabolism. Further investigation of SPTLC2
should further clarify the underlying disease mechanisms
and facilitate the development of new treatments.
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