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ABSTRACT

Objective(s): This study aimed to investigate whether miR-124 alleviates neurological injury in
cerebral ischemia-reperfusion injury (CIRI) mice by targeting So'ute Carrier Family 1 Member 5
(SLC1Ab5) to regulate ferroptosis.

Materials and Methods: One hundred twenty male C57BL/6 mice we: randomly assigned to Sham,
CIRI model, miR-124 mimic, miR-124 inhibitor, miR-124 vectc., ~nd . :rrostatin-1 (Fer-1) groups.
One week before modeling, the viral groups received 2.0 pl >f the corresponding viral vector via
right lateral ventricle injection. Additionally, the Fer-1 groun 1< =eived intraperitoneal injections of
ferrostatin-1 (5.0 mg/kg). Following the establishment o the ACAO model by the wire occlusion
method. At different time points, the Longa method was 2n nloye I to assess the degree of neurological
deficit. TTC staining was used to detect cerebr=! inf. “ction volume. ELISA was applied to measure
changes in SOD, MDA, GSH, and Fe?*. qRT-"CR \ as u.''ized to detect the expression levels of miR-
124, SLC1A5, and GPX4, and Immunohistoc eristry was detected SLCTA5-positive cells. Finally,
the miR-124/SLCTA5 interaction was predicted .  bioinformatics and validated by a dual-luciferase
assay and western blot.

Results: Compared with the sham group, «. = CIRI group showed reduced neurological scores, elevated
MDA/Fe?, and decreased SOD/GSH/(iPX4. miR-124 mimic treatment significantly improved these
parameters, similar to Fer-1, wherz = 1. "R-124 inhibition exacerbated injury and increased SLC1A5
expression. Dual-luciferase assay confirmed SLCTA5 as a direct target of miR-124.

Conclusion: Collectively, tt se « *» ‘adicate that MiR-124 attenuates CIRI-induced neurological
damage, potentially by taroeti. 2 SLCTA5 to inhibit ferroptosis, as evidenced by up-regulation of

GPX4 and GSH.
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Introduction

In recent years, the incidince of is hemic stroke in
China has exhibited a stead'ly increa. »gtrend, positioning
the country at the forefro t of global statistics (1). CIRI
represents a significant ex -erbation of tissue damage
occurring in regions that have been reperfused after an
ischemic event. The underlying mechanisms contributing
to this injury are primarily attributed to excessive free
radical production (2), excitotoxicity from amino acids
(3), mitochondrial dysfunction (4), and ferroptosis (5).
Current primary treatments for ischemic stroke include
intravenous thrombolysis (6) and surgical thrombectomy
(7). However, widely used thrombolytic agents, such as
recombinant tissue plasminogen activator (rt-PA) (8)
and urokinase (9), carry an elevated risk of hemorrhagic
transformation. Additionally, mechanical thrombectomy
is limited by narrow therapeutic time windows and
various contraindications (10), resulting in many patients

being left without viable treatment options following a
stroke. Consequently, identifying effective neuroprotective
strategies and mitigating CIRI progression remain critical
challenges in contemporary stroke management.

Research has demonstrated that Solute Carrier Family
1 Member 5 (SLC1A5) serves as a critical component of
the amino acid transport system, exhibiting high affinity
for glutamine and primarily mediating its transmembrane
uptake (11). Accumulating evidence indicates that
overexpression of SLC1A5 results in elevated intracellular
glutamate levels (12). Elevated glutamate concentrations
suppress ferroptosis by inhibiting the cystine/glutamate
antiporter system (system xc—), which in turn down-
regulates SLC1AS5 expression (13). This regulatory feedback
loop limits excessive conversion of glutamine to glutamate
via mitochondrial glutaminase (14). Consequently, this
mechanism enhances the activity of the cystine/glutamate
exchanger, preserves cellular anti-oxidant capacity, and
ultimately inhibits ferroptosis (15). However, the precise
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molecular mechanisms underlying SLC1A5 regulation in
this pathway remain poorly understood.

Extensive evidence suggests that microRNAs (miRNAs)
play a crucial role in regulating the progression of ischemic
brain injury by targeting and degrading specific mRNAs
or inhibiting their translation, thereby controlling gene
expression at the transcriptional level (16). Notably, clinical
studies have demonstrated that stroke patients exhibit
significantly reduced levels of miR-124 in their bloodstream;
conversely, elevated miR-124 levels have been linked to
enhanced post-injury brain repair (17). Prior investigations
by our group confirmed a marked decrease in miR-124
expression in brain tissue from mouse models subjected
to CIRI (18, 19). Furthermore, our findings indicate that
pharmacologically increasing miR-124 expression can
ameliorate neurological deficits in these models, potentially
by modulating mitochondrial autophagy (19). Recent
cellular studies have confirmed the relationship between
miR-124 and its target, SLC1A5 (20). Recent cellular
studies have underscored the interaction between miR-
124 and its target, SLC1AS5, revealing that increased miR-
124 levels suppress ferroptosis, whereas decreased levels
promote it (21). Despite these insights, there is a paucity of
reports, both domestically and internationally, examining
whether targeting SLC1A5 with miR-124 affects neuronal
ferroptosis following CIRI. Thus, the present study aims to
utilize a mouse model of middle cerebral artery occlusion
(MCAO) to delineate the relationship between miR-124
overexpression/knockdown, SLC1A5, and ferroptosis. Our
objective is to uncover novel therapeutic targets and provide
experimental evidence that could inform the prevention
and treatment of ischemic stroke in clinical practice.

Materials and Methods
Main reagents

MCAO suture (Shanghai Saibai Kang Biotechuolczv
Co., Ltd., China, catalog 2436); miR-124 mimic .nc miR-
124 inhibitor/vector (Gema Gene Co., Ltd. Cli>a); T.1zol
Reagent RNA Kit (Invitrogen, USA, catai> -34909);
Ferrostatin-1 assay kit (Invitrogen, 1754, cz*alog BW275B);
Western blot secondary antibody and priniary antibody
diluent (Biosharp, USA, catalog E 543A, BL517A); High-
Efficiency Radioimmunoprecipitatic - Tissue/Cell Rapid
Lysis Buffer (Nanjing Jiancheng Engineering Research
Institute, China, catalog F3547); Anti-GAPDH Rabbit
Polyclonal Antibody (Invitrogen, USA, catalog BLO06B).
The electrochemiluminescence (ECL) substrate kit (Wuhan
Sanying Biotechnology Co., Ltd., China, catalog BL520A)
was utilized in conjunction with the superoxide dismutase
(SOD), malondialdehyde (MDA) (Shenyang Wanlei
Biotechnology Co., Ltd., China, catalog BC1286, BC1252),
and the SLC1A5 antibody (Cat: K004913P), glutathione
peroxidase 4 (GPX4) antibody, reduced glutathione (GSH)
assay Kkit, and iron assay kit (APExBIO, USA, catalog
K003083P, BC1175, B26465).

Main instruments and equipment

Stereotaxic instrument (Shenzhen Ruowei Company,
China); ultra-sensitive, fully automated chemiluminescence
analyzer (Proteinsimple, Germany); S25 electric glass
homogenizer (Proteinsimple, Germany); microscope
(DP73, Olympus, Japan); rotary microtome (Proteinsimple,
Germany); HM-200 electronic balance (Guangdong Tianpu
Biochemical Pharmaceutical Co., Ltd., China); LightCycler
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96 instrument PCR system (Malvern Instruments Ltd., UK);
L-15K high-speed refrigerated centrifuge (IKA GmbH,
Germany); MDF-382E ultra-low temperature freezer
(Sanyo Electric Co., Ltd., Japan).

Experimental animals

One hundred twenty healthy male SPF-grade C57BL/6
mice, aged three months and weighing 20+0.5 g, were
provided by the Guizhou Medical University (GMU)
Laboratory Animal Center for this study (Animal license
number: SYXK(Gui)2025-0001). The mice were individually
housed in cages under controlled environmental conditions
at the GMU Laboratory Animal Center, maintaining an
ambient temperature of 20-25 °C, relative humidity of
50-60%, and a 12-hr light-dark cycle. The animals were
given ad libitum access to water and food. This study
received approval from the GMU A:-‘mal Ethics Committee
(Approval No. 2500122), and all «xperimental procedures
and animal handling complied witli e Regulations on the
Management of Animal Experiricits.

MCAO model and groupir.g

A mouse model of 1yddle cerebral artery occlusion
(MCAO) was ectabl'~hea _sing a modified Zea-Longa
ligation techn’que \ '2). “he sham surgery group underwent
only a midline ~crvical incision without any ligation of
the middle cereb1 ! artery. According to the neurological
deficit sc: -ing syscem developed by Longa et al. (23),
successf 1l m. deling criteria were met when the mice were
awalio poctoperatively but unable to walk in a straight
line “exhibiting right-sided hemiplegia and receiving a
ceurclsgical score ranging from 1 to 3. Following this, the
mi > were randomly divided into six groups (n=20): Sham
g oup, Model (CIRI) group, miR-124 mimic group, miR-124
mbhibitor group, miR-124 vector group, and Ferrostatin-1
(Fer-1) ferroptosis inhibitor group.

Adeno-associated virus injection into the lateral ventricle
Administer 1.0 % sodium pentobarbital (50 mg/kg)
via intraperitoneal injection to anesthetize mice, then
secure them in a stereotaxic brain mount. Aspirate 2.0 pl of
purified adeno-associated virus (AAV) solution successfully
constructed by our research group (18). Position the syringe
tip at the midbrain artery marker and drill the following
coordinates: Y-axis AP: 0, X-axis ML: -1.5 mm, Y-axis DV:
-2.5 mm (relative to the anterior fontanelle and dura mater
surface). After reaching a needle depth of 2.5 mm, slowly
inject the AAV miR-124 mimic, miR-124 inhibitor, or empty
vector. Additionally, mice in the Fer-1 group received an
intraperitoneal injection of the ferroptosis inhibitor (5.0 mg/
kg). The MCAO/R model was established one week later.

Neurologic deficit score

The Longa scoring system was used to assess neurological
damage in mice at different time points following cerebral
reperfusion (23). The scoring criteria are as follows: 0 points,
No neurological deficits with normal activity; 1 point,
Inability to extend the contralateral forelimb fully; 2 points,
Circular crawling with tail-chasing behavior; 3 points, Body
leaning toward the paralyzed side; 4 points, Inability to walk
spontaneously with loss of consciousness.

TTC staining
Mice were euthanized by intraperitoneal injection of 1%
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sodium pentobarbital. Brains were rapidly removed and
frozen at -20 °C for 20 min, then thawed on ice for 3 min.
Next, remove the olfactory bulb and cerebellum, then section
the brain into slices approximately 2.0 mm thick. Transfer
these slices to a 2.0% solution of 2,3,5-Trichlorotriphenyl-
tetrazole (TTC) staining solution and incubate them at 37
°C in the dark for 25 min. After incubation, wash away any
excess stain using a tissue wash buffer. Fix the samples in
a 4% paraformaldehyde solution and store them overnight
at 4 °C. After 24 hr, capture images using a high-definition
smartphone. Measure the area of brain tissue across all
sections with Image Pro Plus version 9.0 software (Media
Cybernetics, USA).

ELISA detection

To prepare a 10% rat brain homogenate, utilize a tissue
homogenizer set to 10,000-15,000 rpm for 10 sec per cycle.
Allow a 30-second pause between cycles, and repeat this process
for 3-5 iterations. Following homogenization, centrifuge the
resulting mixture at 2,500 rpm for 10 min at 4 °C. Carefully
collect the supernatant for subsequent analysis. Employ the
specified kit protocols to quantitatively assess the levels of
superoxide dismutase (SOD), malondialdehyde (MDA),
and glutathione (GSH) in the rat brain tissue.

Fe’* content determination

Begin by taking 10.0 mg of ischemic brain tissue and
washing it with pre-chilled phosphate-buffered saline (PBS)
to remove any residual contaminants. Subsequently, add 10
volumes of iron detection buffer and homogenize the tissue
on ice for a total of 15 cycles. Following homogenization,
centrifuge the mixture at 12,000 RPM for 10 min to separate
the cellular components. Carefully transfer the resulting
supernatant to a plastic centrifuge tube for future analysis.
Assess the concentration of Fe** in the sample by followir.:
the detailed instructions provided with the detection kit.

qRT-PCR assays

After homogenizing the tissues, total RNA wac ~* acted
according to the RNA extraction kit instructi »ns, followed
by reverse transcription. Next, we esta)lisheu the PCR
system and cycled through denaturau n, .anealing, and
extension steps. After completing the PCR, melting curve
analysis was performed on'the producws at 95 °C (15 s) and
60 °C (30 sec). The softw re autornatically analyzes and
plots the melting curves ot =X products to determine
PCR specificity. Real-time quantitative PCR data analysis:
The built-in analysis software of the fully automated real-
time fluorescent quantitative PCR system was employed to
process PCR data using a two-step method. Each sample
was subjected to triplicate experiments. Primer sequences
are listed in Table 1. U6 and GAPDH served as the internal
reference genes. The relative expression levels of the target
genes were determined using the 244 method.

Immunohistochemical detection

The brain tissue blocks were removed and stored
overnight at 4 °C. They were dehydrated with 20% and 30%
sucrose solutions, then sectioned at 10 um thickness using a
cryostat. The sections were incubated with Solution A for 10
min following the kit instructions, washed with PBS three
times for 5 min each, then treated with Solution B for 10
min. After removing Solution B, the sections were incubated
with SLC1A5 monoclonal antibody (diluted 1:150) for 2 hr,
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Table 1. Primer sequences of studied neuronal ferroptosis and reference
genes in qQRT-PCR analysis

gene Primer sequence (5’ 3)
miR-124 CGCGCGTTATTGCTTAAGAA
AGTGCGGGTTCCGAGGTATT
SLC1A5 CCCGGATCTACACCACCTGA
AACTGGGAGTTGAGAGAGCC
GPX4 CATTCCCGAGCCTTTCAACC
CACACGCAACCCCTGTACTT
199 GTCCTCGTTGCTCGTTGCTCG
CTCGCTTCGGCAGCACATAT
GAPDH CTCTCTGCTCCTCCCTGTTC
TCACACCGACCTTCACCATC

followed by three 5-min washes with PBS. Subsequently,
Solution C was applied for 10 min, then washed three times
with PBS. Solution D was added and incubated for 10 min,
with subsequent washes. I’)AB chromogenic solution was
used for staining, followed v rinsing with running water.
The sections were counterst.'ned with hematoxylin for
1 min, then rinsed to iein. ve .xcess stain, differentiated
briefly for 15 sec, rinsed again and counterstained with blue
for 30 sec before a {iu." tu.oc. The samples were dehydrated
in absolute ethanc' for . min, cleared in xylene for 2 min,
and mourted  vith ..cutral binder. For analysis, five non-
overlarving fielc> per slide were randomly selected and
measure ' using Irnage] software.

D..abase prediction and dual luciferase reporter analysis

W identified potential target genes for miR-124 using
ti » TargetScan, PicTar, and miRWalk databases and selected
the 1ntersection of these databases. Next, the sequence
~/ntaining the miR-124 binding site in the SLC1A5 3'UTR
was amplified and cloned into the pGL3-basic luciferase
plasmid to create the wild-type SLC1A5 (SLC1A5-WT)
recombinant plasmid. The miR-124 binding site on SLC1A5-
WT was mutated using a point mutation kit to construct
a mutant SLC1A5 (SLC1A5-MUT) recombinant plasmid.
Cultured 293T cells were seeded in 24-well plates. Once the
cells reached 85% confluence, SLC1A5-WT or SLC1A5-
MUT reporter plasmids were co-transfected with either
miR-124, the negative control (miR-NC), anti-miR-124, or
anti-miR-NC. Forty-eight hours later, the luciferase activity
of the SLC1A5-WT or SLC1A5-MUT reporter plasmids was
detected using the Dual-Luciferase® Reporter Assay System.

Western blotting assay

Brain tissue was collected from each group, and
total protein was extracted. Protein concentration was
determined using the Bicinchoninic acid (BCA) protein
detection method. Proteins were separated by 10% SDS-
PAGE and transferred to polyvinylidene fluoride (PVDEF)
membranes. The membranes were blocked overnight at 4
°C with 5% skimmed milk powder. The membranes were
incubated with SLC1A5 and B-actin antibodies at 37 °C for
two hours. The membranes were washed three times with
phosphate-buffered Tween solution (PBST), incubated with
the corresponding secondary antibody, and developed using
an ECL reagent. Image] was used to analyze the relative
expression levels of SLC1A5 in each cell group.

Statistical analysis
All data were presented as meantstandard deviation.
Statistical analysis was performed using GraphPad Prism 9.0
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(GraphPad Software, Inc., San Diego, CA, USA) to compare
multiple groups. One-way or two-way analysis of variance
(ANOVA) was performed, followed by Tukey’s post hoc test
for pairwise comparisons. All experiments were repeated at
least three times to ensure reproducibility. P<0.05 indicates
a statistically significant difference.

Results
Comparison of neurological deficit scores

To clarify the effect of miR-124 on cerebral ischemic injury
in mice in this study, we first evaluated neurological deficits
across groups at the same time point, as shown in Figure
1A. At 1, 3, 7, and 14 days after surgery, the neurological
functional impairment scores of mice in the Sham group
were all 0. The neurological deficit scores of the CIRI group
were significantly higher than those of the sham group
at all time points (P<0.001). The miR-124 mimic group
showed significantly lower neurological deficit scores than
the CIRI group at the corresponding time points (P<0.01).
The miR-124 inhibitor and miR-124 vector groups showed
significantly higher neurological deficit scores than the
miR-124 mimic group (P<0.05). However, no statistically
significant differences were observed between the miR-
124 mimic and the Fer-1 groups in the aforementioned
indicators (P>0.05). We again evaluated the neurological
functional impairment of mice in each group at different
time points, as shown in Figure 1B. Among them, the
changes in the CIRI group, the miR-124 inhibitor group,
and the miR-124 vector group were basically consistent. At
the same time, the changes in the miR-124 mimic group and
the Fer-1 group were also largely consistent, and both were
most significant at 3 days, which might be an important
intervention time point.

N=MS
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Comparison of cerebral infarct volume

TTC staining demonstrated that normal mouse brain
tissue exhibited a red coloration, whereas infarcted tissue
appeared white (Figure 1C). The cerebral infarction ratio was
significantly higher in all experimental groups than in the
Sham group (P<0.001). Notably, the cerebral infarction ratio
was substantially reduced in the miR-124 mimic group relative
to the CIRI group (P<0.01). The cerebral infarction ratios
in the miR-124 inhibitor and miR-124 vector groups were
intermediate between those of the Sham and miR-124 mimic
groups (P<0.05). However, the difference in cerebral infarction
ratio between the miR-124 mimic group and the Fer-1 group
did not reach statistical significance (P >0.05; Figure 1D).

Comparison of Fe** and oxidative stress factor content

In comparison to the sham group, the CIRI group
exhibited significantly elevated levels of MDA and Fe** in
brain tissue, while SOD and GSH levels were markedly
reduced (P<0.001). The brain tissue of the miR-124 mimic
group demonstrated significa tly decreased levels of MDA
and Fe** and substantially increw =d levels of SOD and GSH
relative to the CIRI gromp (» <0.01). In contrast, the miR-
124 inhibitor and vector _roups showed significantly higher
levels of MDA ana Fe ® and significantly lower levels of
SOD and GSH i t -in tissue compared with the miR-124
mimic greo o (r <0.05). However, no statistically significant
differez. »sw re ob. zrved between the miR-124 mimic group
and the Fe. 1 group in these indicators (P>0.05; Figure 1E).

Coz: rarison of miR-124 expression levels with SLC1A5
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exhibited significantly reduced levels of miR-124 and GPX4
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Figure 1. Effects of miR-124 on neuronal function, cerebral infarct volume, oxidative stress, and ferroptosis in mice

A. Comparison of neurological function defect scores among different groups at the same time point (n=20); B. Comparison of neurological function defect scores at different time
points within the same group (n=20); C. Representative Images of Cerebral Infarct Area by TTC Staining; D. Percentages of brain infarct area in the ipsilateral hemisphere (n = 5);
E. Quantification of Fe’* and oxidative stress markers (n=5); F. Relative expression of miR-124, SLC1A5, and GPX4 mRNA. aP<0.001, compared with the sham group; bP<0.01,
compared with the CIRI group; CP<0.05, compared with miR-124 mimic group; dP<0.05, compared with miR-124 inhibitor group; eP<0.05, compared with miR-124 vector group.
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mRNA in ischemic brain tissue, while SLC1IA5 mRNA
expression was notably elevated (P<0.001). In the miR-124
mimic group, both miR-124 and GPX4 mRNA expression
levels were significantly increased relative to those in the
CIRI group, whereas SLCIA5 mRNA expression was
substantially decreased (P<0.01). The miR-124 inhibitor
and miR-124 vector groups demonstrated significantly
lower levels of both miR-124 and GPX4 mRNA in ischemic
brain tissue, accompanied by elevated SLCIA5 mRNA
expression, compared with the miR-124 mimic group
(P<0.05). However, no statistically significant differences
were detected between the miR-124 mimic and Fer-1 groups
in the aforementioned indicators (P>0.05; Figure 1F).

Comparison of SLC1A5-positive cell counts

The number of SLC1A5-positive cells in the CA1 region
of the hippocampus in the CIRI mice was significantly
higher than that in the sham group (P<0.001). In contrast,
the number of SLC1A5-positive cells in the hippocampus
of miR-124 mimic mice was notably lower than that in the
CIRI group (P<0.01). Furthermore, the number of SLC1A5-
positive cells in the hippocampal CAl region of mice in
the miR-124 inhibitor and miR-124 vector groups was
significantly higher than that in the miR-124 mimic group (P
<0.05). However, the difference in the number of SLC1A5-
positive cells between the miR-124 mimic and Fer-1 groups
was not statistically significant (Figures 2A and 2B).

Potential target analysis and validation

A nucleotide sequence complementary to miR-124
was identified at positions 1302-1310 within the SLC1A5
3'UTR region using TargetScan software prediction (Figure
2C). A dual luciferase reporter assay demonstrated that, ir
comparison to the miR-NC group, the luciferase activi'y
of SLC1A5-WT was significantly inhibited by mi 124
overexpression (0.97+0.05 vs. 0.35+0.03, t=12.673, 7-0.0.0).

NN W QB
o o uno

SLC1A5-positive cells (%)
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o v o n
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In contrast, the luciferase activity of SLCIA5-MUT
remained unaffected (P>0.05). Similarly, relative to the
anti-miR-NC group, inhibition of miR-124 significantly
increased the luciferase activity of SLC1A5-WT (1.15+
0.07 vs. 3.67+0.32, t=12.304, P<0.05), while exerting no
effect on SLC1A5-MUT luciferase activity (P>0.05). These
findings suggest that miR-124 can bind to SLC1A5 as a
target. Western blotting results (Figure 2D) indicated that,
compared with the miR-NC group, miR-124 overexpression
significantly suppressed SLC1A5 protein expression (0.95+
0.06 vs. 0.24%0.01, t=8.385, P<0.05). Conversely, compared
with the anti-miR-NC group, miR-124 overexpression
markedly promoted SLC1AS5 protein expression (0.24+0.01
vs. 2.57+0.26, t=12.216, P<0.05). These results demonstrate
that SLC1AS5 is highly expressed in cells and that miR-124
negatively regulates SLC1A5 protein expression.

Discussion

Cerebral ischemia-reperfusion is considered an effective
therapeutic approach for improving the outcomes of acute
ischemic stroke. However, ‘fter the blood supply is restored,
brain tissue damage worsen. due to pathological changes,
such as ferroptosis. Ferrop osis is a recently identified form
of cell death (24) Ir maired clearance of reactive oxygen
species (ROS) ‘occu.s when there is abnormal SLC1A5
expression (25),  »duced GSH production, decreased GPX4
activity, 1d 'own-regulated anti-oxidant expression levels
(25, 27). Tais lec ds to the accumulation of harmful lipid ROS,
which (amage cellular structure and function, ultimately
“esulting 1.« cell death (26). This study found that, compared
w.'h the control group, the CIRI group exhibited elevated
new vlogical deficit scores, MDA levels, Fe** content, and
SLClA5 expression, while SOD and GSH content, as well
as GPX4 expression, were reduced. These results suggest
that CIRI mice experienced ferroptosis due to disruption of

SLCTAS-WT 5" .. AGGUUGUUUCUGUGGGUGCCUUA...3"

has-miR-124 3' CCGUAAGUGGCGCACGGAAU &
SLC1A5-MUT 5" ...AGGUUGUUUCUGUGGACUAAGGC...3'

miR-NC  miR-124 anti-miR-NC

SLc1A5|—- - - -JSSkDa

B-actin |— Ll ‘42'('33

Figure 2. Analysis and validation of SLC1A5-positive cell expression in the mouse hippocampal CA1 region and Identification of miR-124 targets

A. Representative image of SLC1A5-positive cell expression in the mouse hippocampal CA1 region (red arrow); B. Comparison of SLC1A5-positive cell
counts (n=>5); C. Targeting sites between miR-124 and SLC1A5; D. Western blotting validates the function of the miR-124 target gene, SLC1A5 (n=5).
aP<0.05, compared with the sham group; bP<0.01, compared with the CIRI group; cP<0.05, compared with miR-124 inhibitor group and miR-124 vector

group.
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the anti-oxidant system, imbalance of iron metabolism, and
accelerated lipid peroxidation in brain tissue.

MicroRNAs (miRNAs) are non-coding RNAs, typically
ranging from 18 to 22 nucleotides in length (27). Their
primary function involves recognizing sequences within the
3’ untranslated region (UTR) of target mRNA molecules.
Upon binding to a specific sequence, miRNAs inhibit
mRNA transcription and translation, thereby regulating
the production of target proteins (28). Currently, miRNAs
are recognized for their crucial regulatory roles in various
diseases. miRNA-124, a novel miRNA, was initially
identified in neural tissues and has been shown to inhibit
stroke progression (29); however, the underlying mechanism
remains unclear. Studies indicate that miRNAs can mitigate
oxidative stress-induced injury caused by cerebral ischemia-
reperfusion by regulating SLC1A5 (30). Other reports
suggest that miR-124 mediates ferroptosis via the 3> UTR
sequence of target mRNA, thereby suppressing oxidative
stress damage (20). However, it remains unclear whether
miR-124 acts via SLC1A5 to modulate oxidative stress
and ferroptosis following CIRIL. Therefore, investigating
the regulatory mechanisms of ferroptosis following CIRI
is a promising strategy for reversing neuronal damage in
ischemic stroke.

Research has demonstrated that ischemic stroke initiates
excitotoxic responses in brain tissue(31). These responses
result in diminished GSH and GPX4 production within
cells, alongside increased MDA levels (32). GSH is an
intracellular anti-oxidant enzyme that scavenges oxygen-
free radicals, and its levels serve as an indirect measure of
cellular anti-oxidant capacity (33). MDA levels, on the othe
hand, reflect the extent of cellular damage caused by free
radicals (32). A further significant contributor to ferrop?osis
is the elevated concentration of intracellular Fe?*;= 7h.:h
leads to enhanced lipid peroxidation and ROS nroduct on
(34). Fer-1 acts as a selective inhibitor of ers “in-1.2uced
ferroptosis (35), and it has been verified to aug:. ent anti-
oxidant capacity and inhibit ferroptosis L - obstructing
cystine transport and glutathione producticn (36). The
findings of this study revealed that the bhrain tissue of the
miR-124 mimic group exhib ‘ed reduced MDA levels and
SLCIAS5 expression, while SO. and SH levels increased.
Conversely, the miR-124 inhibitor and vector groups
displayed opposite changes in SOD, GSH, and MDA levels,
as well as SLC1A5 expression in brain tissue. This suggests
that miR-124 may exert anti-oxidant effects through
SLC1AS5, thereby further reducing ferroptosis.

Since Fe* is essential for the induction of ferroptosis,
we investigated changes in divalent iron ions (Fe**) and the
ferroptosis marker GPX4 in brain tissue to explore further
whether miR-124 exerts anti-oxidant effects and mitigates
ferroptosis via SLC1A5. The synthesis of GSH, a cofactor
necessary for GPX4 function, is diminished, leading to
reduced GPX4-mediated anti-oxidant activity and the onset
or exacerbation of cellular ferroptosis (37). Consequently,
GPX4 is a critical indicator of ferroptosis severity. However,
the efficiency of GSH synthesis is constrained by the
concentration of its substrate, cysteine, which is linked to
the reverse transport mechanism mediated by the cystine/
glutamate antiporter (38). Animal studies have demonstrated
that immediate administration of the ferroptosis inhibitor
Ferrostatin-1 (Fer-1) following CIRI in mice significantly
alleviates neuronal damage and functional deficits following
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middle cerebral artery occlusion (35). This finding suggests
that exogenous ferroptosis inhibitors may have potential
therapeutic effects against CIRI. SLC1A5 functions as a
transmembrane glycoprotein primarily responsible for
transporting intracellular iron ions to extracellular spaces
(13), and it has been recognized as a key iron transporter
(37). Furthermore, SLC1A5 expression levels are closely
associated with iron metabolism during ferroptotic events
(15). Research indicates that ischemic stroke triggers
excitotoxic reactions in brain tissue, leading to elevated
intracellular Fe** levels and reduced GPX4 expression (39).
Our study also revealed that Fer-1 significantly reduced Fe**
concentrations and down-regulated SLCI1A5 expression;
concurrently, it upregulated superoxide dismutase (SOD),
GSH content, and GPX4 expression. These alterations were
largely consistent with those observed in the miR-124 mimic
group. Based on these findings, we infer that miR-124 may
target SLC1AS5 to alleviate bra. vinjury.

Conclusion

MiR-124 demonstrates  nevroprotective effect in CIRI
mice by targeting and moc 1lating SLC1AS5 and its associated
proteins, thereby " i. hibiting ferroptosis. However, the
presence of . 'diu nal functional targets of miR-124 beyond
SLCIA5 n th: con :xt of ferroptosis necessitates further
investigatio. and validation. The authors have reviewed and
apyp. oved the 1. zal version of the manuscript.
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