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FTO/EFNB2 Axis Protects Retinal Ganglion Cells
Against H,O,-Induced Oxidative Damage
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Background: Traumatic optic neuropathy (TON) causes progressive retinal ganglion cell (RGC) loss and oxidative injury, leading
to visual dysfunction. Ephrin B2 (EFNB2) is elevated in optic nerve injury; however, it is unclear how the fat mass and obesity-
associated gene (FTO) regulates it upstream. This study examined whether RGCs are shielded from hydrogen peroxide (H,0;)-
induced oxidative damage through FTO-mediated EFNB2 overexpression.

Methods: Primary RGCs were isolated and exposed to H, O, to establish an in vitro oxidative stress injury model. We first verified
the concentration-dependent induction of FTO and EFNB2 by H,0,. Gain- and loss-of-function assays were performed using
FTO overexpression and knockdown plasmids to assess its effects on RGC viability, apoptosis, reactive oxygen species (ROS)
accumulation, caspase-3 activity, and the expression of EFNB2, erythropoietin-producing hepatoma receptor B4 (EPHB4) and
apoptosis-related proteins. Rescue experiments with EFNB2 knockdown were further conducted to confirm whether EFNB2 acts
as a downstream effector of FTO.

Results: H,O; treatment elevated FTO and EFNB2 expression in RGCs in a concentration-dependent manner (p < 0.01). FTO
overexpression alleviated H,O;-induced reductions in cell viability, as well as increases in apoptosis, caspase-3 activation, and
ROS levels (p < 0.001), while FTO knockdown exacerbated these injuries (p < 0.001). Moreover, FTO overexpression enhanced
EFNB2 and EPHB4 expression, and suppressed Bax and cleaved caspase-3 levels (p <0.001). Knockdown of EFNB2 reversed the
protective effects of FTO overexpression on RGC survival, oxidative stress, and apoptosis (p < 0.001).

Conclusions: FTO upregulates EFNB2 and EPHB4 expression, reduces ROS and apoptosis, and is associated with the protection
of RGCs against H,O;-induced oxidative damage. The FTO/EFNB2 axis may represent a protective mechanism against oxidative
damage in RGCs in vitro, warranting further investigation in traumatic optic neuropathy models.
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Introduction drogen peroxide (H,O;) accumulation, is a key driver of
RGC injury [7,8]. Ferroptosis, along with apoptosis, py-
roptosis, and necroptosis, has been implicated at differ-
ent stages of TON [9,10]. Neuroinflammation also plays
a pivotal role, with microglia orchestrating inflammatory
responses following optic nerve injury [11]. Additionally,
N6-methyladenosine (m6A) RNA methylation has emerged
as a crucial epigenetic regulator in TON, with fat mass and
obesity-associated gene (FTO) functioning as a key m6A
demethylase [12]. Therefore, developing effective thera-

Traumatic optic neuropathy (TON) is known as a
vision-threatening condition caused by direct or indirect
trauma, including head injuries, assaults, road accidents or
disasters [1,2]. TON is uncommon in the general popula-
tion, but young men face increased risk; among recent com-
bat veterans with orbital fractures, its incidence approaches
50% [3]. TON contributes to optic nerve edema and dis-
rupts the pial vessels, leading to vascular supply limitation

[4,5]. Secondary damage to the optic nerve is caused by
an inflammatory response triggered by the above events,
which results in axonal degeneration and retinal ganglion
cells (RGCs) death [2,4]. RGCs play an important role
in vision, and their damage can lead to permanent blind-
ness, as observed in advanced glaucoma [6]. Emerging
evidence has further elucidated the complex pathological
mechanisms underlying TON. Oxidative stress, character-
ized by excessive reactive oxygen species (ROS) and hy-

peutic strategies to protect RGCs from injury is needed.

Ephrin B (EFNB) is closely associated with various
developmental processes regulated by cell-cell contact, in-
cluding synaptic plasticity and neural development, as well
as pathological processes such as neurodegeneration and
cancer [13,14]. The EFNB2 gene, which is a membrane-
anchored ligand belonging to the largest family of recep-
tor tyrosine kinases [15], is involved in mediating develop-
mental processes, particularly the development of the ner-
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vous system and erythrocytes, according to the GeneCard
database. Strong et al. [16] reported that EFNB2 phos-
phorylation was increased after optic nerve injury. EFNB2
acts as a ligand for erythropoietin-producing hepatoma re-
ceptor B (EPHB) receptors, forming bidirectional Ephrin-
EphR signaling [17], and is involved in neurodevelopment,
neuronal migration, erythropoiesis, and angiogenesis [18].
Nevertheless, few studies have investigated how EFNB2
participates in RGCs.

Neural stem cell self-renewal and differentiation are
tightly linked to N6-methyladenosine (m6A) alteration, and
m6A RNA methylation is crucial to the pathological pro-
cess following TON [19]. A previous study found that four
genes associated with up-regulated m6A methylation—
methyltransferase-like 3 (METTL3) [20], Wilms’ tu-
mor suppressor-1-associated protein (WTAP), FTO, and
ALKBHS5—might have EFNB2 modification sites based on
prediction [21]. We expected that m6A-associated proteins
could enhance EFNB2 expression through demethylation.
METTL3 and WTAP mediate m6A methylation whereas
FTO mediates m6A demethylation [12,20,22]. Moreover,
the mRNA demethylase FTO has been found to up-regulate
the m6A level of EFNB2 mRNA [23]. Accordingly, only
FTO was within our selection range. Previous studies have
demonstrated the widespread expression and high enrich-
ment of FTO in neurons in the brain [24]. Research has
demonstrated that the loss of FTO leads to a reduction in
brain volume and weight, while also reducing the prolifer-
ation and neuronal differentiation of neural stem cells [25].
However, it remains unclear whether FTO loss causes op-
tic nerve injury. The FTO-related mechanism regulating
EFNB2 in RGCs also remains obscure.

Here, we first investigated the role of FTO in RGC in-
jury and then examined the involvement of EFNB2 in FTO-
mediated effects on RGCs.

Materials and Methods

RGCs Isolation and Culture

Pregnant Sprague-Dawley (SD) rats (n = 5) at gesta-
tional days 19-21 were obtained from Hangzhou Medical
College (China). After natural delivery, male neonatal rats
(n=30) at postnatal days 1-3 were selected for RGC isola-
tion. Sex was determined by anogenital distance and con-
firmed by gonadal morphology. Only male rats were used
to avoid potential confounding effects of female hormonal
cycles on oxidative stress responses [26]. Neonatal rats
were housed under standard conditions (22 £ 1 °C, 50%-—
55% humidity, 12 h light/dark cycle).

Rats were anesthetized with sodium pentobarbital (40
mg/kg, i.p.; P3761, Sigma-Aldrich, St. Louis, MO, USA)
and euthanized by cervical dislocation. Neonatal rats (post-
natal days 1-3) were anesthetized by hypothermia using an
insulating barrier to avoid direct contact with ice or pre-
cooled surfaces (surface temperature 2-3 °C) for approxi-
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mately 5-8 minutes. Anesthesia depth was confirmed by
loss of consciousness and absence of withdrawal reflexes
to toe pinch. After cervical dislocation, death was con-
firmed by respiratory arrest, absence of heartbeat, and di-
lated pupils unresponsive to light. All procedures were
performed by trained personnel following the standardized
operating procedures approved by the Institutional Animal
Care and Use Committee (IACUC). In a sterile environ-
ment, the eyeballs of SD rats were removed after the rats
were immersed in 75% alcohol (E299578, Aladdin, Shang-
hai, China). Phosphate-buffered saline (PBS, PB180327,
Procell, Wuhan, China) with 1% penicillin-streptomycin
(15070063, Thermo Fisher, Waltham, MA, USA) was used
to wash the isolated eyeballs three times. Under a light mi-
croscope (WMS-1033, WUMO, Shanghai, China), retinal
tissues were separated, cleaned with PBS, chopped into tiny
pieces, and digested for 20 minutes at 37 °C in a 5% CO, in-
cubator using 1.25 g/L trypsin (T274333, Aladdin, Shang-
hai, China). Dulbecco’s modified Eagle’s medium/F12
(DMEM/F12, D0697, Sigma-Aldrich, St. Louis, MO,
USA) supplemented with 10% fetal bovine serum (FBS,
C0227, Beyotime, Shanghai, China) was used to halt the
digestion process.

The cell pellet was resuspended in DMEM/F12 sup-
plemented with 10% FBS for cell isolation after centrifu-
gation for 10 minutes. For macrophage depletion, cells
were incubated with CD11b/c antibody (abl1211, Abcam)
at 4 °C for 30 min, followed by Dynabeads™ Sheep Anti-
mouse IgG at 4 °C for 30 min. Bead-bound cells were
removed using a magnetic separator. The cell suspen-
sion were incubated with PE-conjugated anti-Thy1.1 anti-
body (ab95812, Abcam, Cambridge, UK) at 4 °C for 30
min, followed by anti-PE magnetic beads at 4 °C for 30
min. RGC-coated magnetic beads were collected magnet-
ically, washed three times with sorting buffer, and resus-
pended in complete culture medium After RGC purification
using anti-Thyl.1 antibody, mycoplasma testing (C0296,
Beyotime, Shanghai, China) was performed and yielded
negative results throughout the culture period. The pu-
rified RGCs were seeded in 25-cm? poly-D-lysine-coated
flasks (CLS430372, Sigma-Aldrich, St. Louis, MO, USA)
and cultured in DMEM/F12 supplemented with 10 ng/mL
ciliary neurotrophic factor (HY-P7147, MCE, Monmouth
Junction, NJ, USA), 50 ng/mL brain-derived neurotrophic
factor (RP10917, Thermo Fisher, Massachusetts, USA), 5
ng/mL basic fibroblast growth factor (5414, CST, Danvers,
Massachusetts, USA), 10 uM forskolin (IF0200, Solarbio,
Beijing, China), and 5 pg/mL insulin (18040, Solarbio, Bei-
jing, China). The medium was replaced every two days,
and the cells were kept at 37 °C in a humidified 5% CO,
environment [27].

Immunofluorescence ldentification of RGCs

To verify the identity of the isolated RGCs, im-
munofluorescence staining was performed using the RGC-
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specific marker RBPMS. Briefly, cultured cells were fixed
with 4% paraformaldehyde (C0222, Beyotime, Shanghai,
China) for 15 min at room temperature, permeabilized with
0.3% Triton X-100 (ST1723-100ml, Beyotime, Shanghai,
China) for 10 min, and blocked with 5% bovine serum albu-
min (BSA) for 1 h. The cells were then incubated overnight
at 4 °C with anti-RBPMS antibody (ab152101, 1:500, Ab-
cam, Waltham, MA, USA). After washing with PBS, cells
were incubated with the corresponding fluorescent sec-
ondary antibody (ab150077, 1:200, Abcam, Waltham, MA,
USA) for 1 h at room temperature in the dark. Nuclei were
counterstained with DAPI (40728ES03, Yeasen, Shanghai,
China) for 5 min.

RGCs Treatment and Transfection

After being cultured in a 96-well plate (CLS3922,
Sigma-Aldrich, St. Louis, MO, USA) for 24 h,
RGCs received gradually increasing concentrations
(0, 100, 200, 300, 400 pmol/L) of hydrogen perox-
ide (H,O,, H112519, Aladdin, Shanghai, China) for
12 h. H,0;, at 300 uM was applied to treat RGCs
in subsequent experiments [28]. For transfection,
plasmids overexpressing FTO (pRP[Exp]-EGFP/Puro-
CAG>1Fto[NM_001039713.1]), short hairpin RNA
against EFNB2 (shEFNB2, pPB[shRNA]-EGFP/Puro-
U6>rEfnb2[shRNA#1], VectorBuilder, Guangzhou, China,
target sequence: AGCCGACAGATGCACTATTAA)
and the empty vectors (negative control (NC), shNC,
target sequence: CCTAAGGTTAAGTCGCCCTCG) were
provided by VectorBuilder (Guangzhou, China). Small
interfering RNA against FTO (siFTO-1, siB160927091346-
1-5, CGATACAAACTTTGCACCGAT; siFTO-2,
siB160927091631-1-5, GTCTCGTTGAAATCCTTTGAT;
siFTO-3, siB160927101416-1-5, CCAGGGAGACTGC-
TATTTCAT) and the empty vectors (siNC, siN0000002-1-
5, target sequence: ACGUGACACGUUCGGAGAATT)
were provided by RIBOBIO (Guangzhou, China). When
a 70%-90% cell confluence was reached, RGCs were
transfected with siFTO, siNC, plasmids overexpressing
FTO, NC, shEFNB2 or shNC using Lipofectamine™
3000 Transfection Reagent (L3000015, Thermo Fisher,
Waltham, MA, USA) in the presence or absence of H,O5.

Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR)

Total RNA was extracted from RGCs with TRIzol
reagent (93289, Sigma-Aldrich, St. Louis, MO USA). RNA
concentration was quantified by a UV spectrophotometer
(DR6000, HACH, Loveland, CO, USA). cDNA was syn-
thesized from RNA using SuperScript™ IV reverse tran-
scriptase (18090010, Thermo Fisher, Waltham, MA, USA)
according to the manufacturer’s protocol. Real-time PCR
was carried out with SYBR Premix Ex Taq II (RR820A,
Takara, Kusatsu, Shiga, Japan) on the CFX Connect™ sys-
tem (1855201, Bio-Rad, Hercules, CA, USA). Table | con-

tains primer sequence information. The relative expression
was calculated using the 274°" method and normalized to
B-actin expression [29].

Western Blot Analysis

FTO, EFNB2, EPHB4, Bcl-2 associated X (Bax),
and cleaved caspase-3 expression in RGCs were detected
by Western blotting. RIPA lysis buffer (20-188, Sigma-
Aldrich, St. Louis, MO, USA) was used to extract total
proteins, which were then measured using the BCA Protein
Assay Kit (7780S, CST, Danvers, MA, USA). Protein sam-
ples were transferred to PVDF membranes (88585, Thermo
Fisher, Waltham, MA, USA) after being separated by SDS-
PAGE (P1040, Solarbio, Beijing, China). After blocking
the membranes with 5% non-fat milk for 1 h, they were
treated with primary antibodies (Table 2) at 4 °C for a whole
night, and then incubated with secondary antibodies (Table
2) for 1 h at room temperature. Protein bands were quan-
tified using the FluorChem M imaging equipment (Protein
Simple, San Jose, CA, USA) and visualized with chemilu-
minescent substrate (34577, Thermo Fisher, Waltham, MA,
USA) using B-actin as an internal reference.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-2 H-
tetrazolium Bromide (MTT) Assay

RGC viability after transfection and H,O, treatment
was assessed by MTT assay. RGCs were seeded in 96-well
plates at 5 x 10° cells/well and cultured for 48 h. After PBS
washing, 10 uL MTT solution (M8180, Solarbio, Beijing,
China, 5 mg/mL) was added and incubated for 4 h. The
medium was then removed, 100 uL. DMSO (D8370, Solar-
bio, Beijing, China) was added, and absorbance at 570 nm
was measured using a Bio-Rad (Hercules, CA, USA) 680
microplate reader.

Flow Cytometry Assay

RGC apoptosis was assessed using an apoptosis kit
(A211-01, Vazyme, Nanjing, China). Following transfec-
tion and H,0, treatment, 1 x 10° RGCs were collected,
rinsed with PBS (C0221A, Beyotime, Shanghai, China),
then resuspended in 250 pL binding solution. Following
a 15 min dark incubation period at room temperature with
5 pL annexin fluorescein isothiocyanate (FITC) and 10 pL
propidium iodide (PI), the cells were diluted with 500 puL
binding buffer and analyzed using Attune NxT flow cy-
tometry (A24860, Thermo Fisher, Waltham, MA, USA).
FlowJo software (Becton-Dickinson, Franklin Lakes, NJ,
USA) was used to calculate apoptosis rates.

The DCFH-DA probe (HY-D0940, MedChemExpress
(MCE), Monmouth Junction, NJ, USA) was used to assess
intracellular ROS levels. Trypsin (T1426; P2714, Sigma-
Aldrich, St. Louis, MO, USA) was used to digest RGCs.
Cell pellets were collected following centrifugation for 5
min at 1500 rpm in D-Hanks (H1045, Solarbio, Beijing,
China). After 30 min of incubation with 10 uyM DCFH-DA
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Table 1. Gene sequence primers.

Name Forward primer (5'-3")

Reverse primer (5'-3")

FTO

GGGAGCGGGAAGCTAAGAA CAGCCTCTCGGAAAACCAGT

EFNB2 CAGCCCTAACCTCTGGGGTC GGCCCTCCAAAGACCCATTTG

B-actin

CTGTGTGGATTGGTGGCTCT

AGCTCAGTAACAGTCCGCC

FTO, fat mass and obesity-associated gene; EFNB2, Ephrin B2.

Table 2. Antibodies used in this study.

Name Catalog  Molecular weight Dilution Manufacturer

FTO ab280081 58 kDa 1/1000 Abcam, UK

EFNB2 sc-398735 36 kDa 1/1000  Santa Cruz Biotechnology, USA
EPHB4 sc-130081 120 kDa 1/1000  Santa Cruz Biotechnology, USA
Bax ab32503 21 kDa 1/2000 Abcam, UK

Cleaved caspase-3 #9664 17 kDa 1:1000 CST, USA

B-actin #4970 45 kDa 1/1000 CST, USA

Goat anti-mouse ab6789 — 1/2000 Abcam, UK

Goat anti-rabbit ab205718 — 1/2000 Abcam, UK

EPHBA4, erythropoietin-producing hepatoma receptor B4; Bax, Bcl-2 associated X.

(37 °C) in the dark, the cells were washed and analyzed us-
ing Attune NxT flow cytometry. Data were processed using
FlowJo software.

Caspase-3 Activity Assay

RGCs were seeded in 6-well plates (140675, Thermo
Fisher, Waltham, MA, USA) at 2 x 103 cells/mL and treated
accordingly. Cells were harvested, centrifuged at 600 g for
5 min at 4 °C, then lysed on ice for 15 min. After cen-
trifugation, the supernatant was collected. A mixture of 40
pL buffer, 50 uL supernatant and 10 uL Ac-DEVD-pNA (2
mM) (C1116, Beyotime, Shanghai, China) was incubated
at 37 °C for 2 h, and absorbance at 405 nm was detected.

Statistical Analysis

The data are expressed as mean differences + standard
deviation. The normality of the data was confirmed using
the Shapiro—Wilk test before statistical analysis. Graphpad
8.0 (Graphpad Software, CA, USA) was used for statisti-
cal analysis. Independent-samples #-test was used to com-
pare two groups, and one-way analysis of variance was em-
ployed to evaluate results across multiple groups, followed
by Tukey’s post-hoc test for multiple comparisons. p values
< 0.05 were regarded as statistically significant.

Results

H>0; Induced the Expression Levels of FTO and
EFNB2 in RGCs

To confirm the identity of isolated RGCs, immunoflu-
orescence staining was performed. Immunofluorescence
staining showed that the isolated cells were positive for the
RGC-specific marker RBPMS (Fig. 1A), confirming the
identity of the RGC culture. Then, we used qRT-PCR and

Western blotting to examine the effects of various H,O,
concentrations (0, 100, 200, 300, and 400 uM) on the rel-
ative mRNA and protein expression levels of FTO and
EFNB2 in RGCs (Fig. 1B-D, p <0.01). The experimen-
tal results showed that H,O; induced the expression levels
of FTO and EFNB2 in RGCs in a concentration-dependent
manner (Fig. 1B-D, p <0.01).

FTO Overexpression Attenuated H>O;-Induced
Oxidative Injury in RGC Damage While FTO
Silencing Exerted the Opposite Effect

We first evaluated the transfection efficiency of plas-
mids overexpressing FTO and siFTO (siFTO-1, siFTO-2
and siFTO-3) in RGCs using qRT-PCR and Western blot-
ting. Transfection with all three siFTO constructs reduced
FTO expression, with siFTO-3 showing the strongest ef-
fect; therefore, siFTO-3 was used in subsequent experi-
ments (Fig. 1E,G,H, p <0.05). Additionally, FTO expres-
sion in RGCs was promoted after transfection with plasmids
overexpressing FTO (Fig. 1F,LJ, p <0.001). To evaluate
how FTO affected H,0O,-induced changes in RGC viabil-
ity, an MTT assay was performed, and the results showed
that FTO overexpression attenuated the inhibitory effect
of H,O, on RGC viability while FTO knockdown further
promoted the effect of H,O, (Fig. 2A, p < 0.001). H,O,
treatment induced RGC apoptosis, and FTO overexpres-
sion mitigated the role of H,O,, which was promoted by
FTO silencing (Fig. 2B,C, p < 0.001). Furthermore, the
H,0;-induced increase in caspase-3 activity in RGCs was
attenuated by FTO overexpression and further boosted by
FTO knockdown (Fig. 2D, p < 0.001). FTO overexpres-
sion decreased ROS fluorescence intensity, promoted by
H,0, treatment, whereas FTO silencing exerted the oppo-
site effect (Fig. 2E,F, p <0.001). We further explored how
FTO influenced the effect of H,O, on EFNB2 expression
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Fig. 1. H,0; induced the expression levels of FTO and EFNB2 in RGCs. (A) Representative immunofluorescence image showing
that the isolated cells were positive for the RGC-specific marker RBPMS (green). Nuclei were counterstained with DAPI (blue). (B-D)
The expression levels of FTO and EFNB2 in RGCs after treatment with gradually increasing concentrations (0, 100, 200, 300, 400 uM)
of H,0, were analyzed using qRT-PCR and Western blotting with B-actin as an internal standard. (E,F) FTO expression in RGCs after
transfection with siNC, siFTO (siFTO-1, siFTO-2 or siFTO-3), NC or plasmids overexpressing FTO was detected using qRT-PCR with
B-actin serving as a reference gene. (G—J) FTO expression in RGCs after transfection with siNC, siFTO (siFTO-1, siFTO-2 or siFTO-3),
NC or plasmids overexpressing FTO was detected using Western blotting, with B-actin serving as a reference gene. Data are presented
as mean =+ SD (n = 3 independent experiments). ~p < 0.01, ™p < 0.001 vs. 0; "p < 0.05, ""p < 0.001 vs. siNC; **p < 0.001 vs. NC.
FTO, fat mass- and obesity-associated gene; EFNB2, ephrin B2; RGCs, retinal ganglion cells; H,O,, hydrogen peroxide; qRT-PCR,

quantitative real-time polymerase chain reaction; DAPI, 4',6-diamidino-2-phenylindole; NC, Negative Control.

in RGCs (Fig. 2G, p <0.001). H,O; enhanced EFNB2 ex-
pression, which was further increased by FTO overexpres-
sion but reversed by FTO knockdown (Fig. 2G, p <0.001).
Collectively, these results demonstrated that FTO overex-
pression attenuated H,O;-induced RGC damage, whereas
FTO silencing exerted the opposite effect.

EFNB2 Knockdown Abolished the Protective Effects
of FTO Overexpression on RGC Viability and
Apoptosis

To explore how EFNB2 participated in the mecha-
nism of FTO action in RGCs, we first analyzed EFNB2
expression after transfection with shEFNB2, and found
that sShEFNB2 decreased the mRNA and protein levels of
EFNB2 (Fig. 3A-C, p < 0.01). Then, RGC viability af-
ter treatment and transfection was detected using an MTT

assay (Fig. 3D, p < 0.001). The experimental results
showed that FTO overexpression promoted RGC viability
suppressed by H,O,, whereas knocking down EFNB2 en-
hanced the effect of H,O, and reversed the role of FTO
overexpression (Fig. 3D, p < 0.001). H,O, treatment in-
duced RGC apoptosis, which was mitigated by FTO over-
expression and further promoted by EFNB2 knockdown
(Fig. 3E,F, p < 0.001). Furthermore, the effect of FTO
overexpression was reversed by EFNB2 knockdown (Fig.
3E.F, p <0.001).

EFNB2 Knockdown Reversed the Effects of FTO
Overexpression on ROS Level and Apoptosis-Related
Protein Expression

Furthermore, FTO overexpression reduced the ROS
fluorescence intensity promoted by H,O, treatment,
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Fig. 2. FTO overexpression attenuated H,O;-induced RGC damage while FTO silencing exerted the opposite effect. (A-G) RGCs
were divided into six groups: Ctr, Ctr+H,0;, HyO,+siNC, H,0,+siFTO, H,O0,+NC, H,O0,+FTO. (A) MTT assay was employed to
examine RGC viability following treatment and transfection. (B,C) The apoptotic rate of RGCs in each group was measured by flow
cytometry assay. (D) Caspase-3 activity in RGCs was evaluated using a caspase-3 activity assay kit. (E,F) Flow cytometry assay was
used to detect ROS fluorescence intensity in RGCs of each group. (G) EFNB2 expression in RGCs was analyzed using qRT-PCR, with
B-actin used as the reference gene. Data are presented as mean + SD (n = 3 independent experiments). *2p < 0.001 vs. Ctr; #¥¥p <0.001
vs. HyO,+siNC; 444p < 0.001 vs. H,0,+NC. FTO, fat mass- and obesity-associated gene; RGCs, retinal ganglion cells; siFTO, small
interfering RNA against FTO; qRT-PCR, quantitative real-time polymerase chain reaction; Ctr, control; H>O,, hydrogen peroxide; MTT,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; ROS, reactive oxygen species; EFNB2, ephrin B2; NC, Negative

Control.

whereas EFNB2 knockdown further enhanced the effect =~ RGCs using Western blotting. H;O, treatment enhanced
of H,0O, and reversed the effect of FTO overexpression EPHB4, Bax and cleaved caspase-3 expression levels, and
(Fig. 4A,B, p <0.001). Finally, we examined the expres- FTO overexpression further promoted the role of H,O, in
sion levels of apoptosis-associated proteins and EPHB4 in ~ EPHB4 and reversed its effect on Bax and cleaved caspase-


https://www.discovmed.com/

2670

A B C
< 15- o 15-
pd o)
¥ @ oL
EQ s
%ﬁ 1.0 EFNB2 i s %% 1.0
S S
5 % B-actin «— - o ‘% **
83 s <& 53
2 < e
0.0- T . 0.0 .
shNC shEFNB2 shNC shEFNB2
D E
= 1501 404
IS .
; 3\1 AAA
= o 304
2 1001 AAA 8
= iaa @ 20- it
38 #HitH 2
o 504 = AAA
= AAA o 104 AAA
I 2 AAA
Q
o 0-
$ $ O O O O
¢ & . A @xe Wx{\
S
S & &P
e F 0,
F +H202
Ctr Ctr — shNC+Nqu ShNC+FT9R shEFNBZ+Nm(;KM shEFN 82+F'|:9
5.32 0.97 3.20 20°16.15 4.95 ’ 16.04 1.31 285 574 2824 6.27 1.39
o
3.00 1.94 2.02 1.29 6157 4.45 6.39

———— FITC
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bromide; NC, Negative Control.

3, whereas EFNB2 knockdown exerted opposite effects
(Fig. 4C,D, p <0.001). Additionally, EFNB2 knockdown
counteracted the effects of FTO overexpression (Fig. 4C,D,
p<0.001). Together, these experiments suggested that FTO
protected RGCs by promoting EFNB2 expression.

Discussion

In the retina, photoreceptors capture light signals and
transmit visual information to RGCs via interneurons; RGC
axons then form the optic nerve and project to the brain [30].
RGC loss causes severe visual impairment in glaucoma and

Leber’s hereditary optic neuropathy [31]. Oxidative stress
involving excessive ROS and H,0; is a key driver of RGC
injury and death [8]. In this study, H,O, treatment re-
duced RGC viability, increased apoptosis, caspase-3 activ-
ity, ROS levels, and expression of Bax and cleaved caspase-
3, highlighting the successful induction of RGC damage.

Inhibition of methyltransferase-like 3 (Mettl3)-
mediated m6A modification of Hydroxyl-3-methylglutaryl-
Coenzyme A synthase 1 (HMGCSI) regulates ferroptosis
and has been shown to protect retinal ganglion cells against
glutamate excitotoxicity in glaucom [10]. For example,
crocin alleviates retinal ischemia-reperfusion-triggered
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Fig. 4. FTO regulates ROS levels and apoptosis-related protein expression via EFNB2 in RGCs. (A,B) ROS fluorescence intensity
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RGC injury by activating the Sirt6-Nrf2/HO-1 signaling
pathway [32]. EFNB2, a transmembrane ligand involved in
neural development and neuronal migration, is upregulated
after optic nerve injury [16,18]. EFNB2 binds EPHB
receptors to mediate bidirectional signaling, regulating
synaptic plasticity, axon guidance and neurite outgrowth
[33]. Through inflammatory pathways in the retina and
retinal Miiller cells, EPHB1 damages the retina [34].
EPHB/EFNB signaling is upregulated in diabetic retinopa-
thy [35], but the role of EFNB2 in oxidative-injured RGCs
remains unclear. Here, H,O, induced EFNB2 expression
in a concentration-dependent manner. EFNB2 knockdown
exacerbated H,0O,-mediated reductions in viability and
increases in apoptosis, ROS levels, and pro-apoptotic
protein expression. These findings suggest that EFNB2
plays a protective role against HO;-induced damage in
RGCs.

Among the genes with upregulated m6A methylation,
EFNB2, which contained an FTO modification site, was
the only gene consistent with our expectation that FTO pro-
motes EFNB2 expression via demethylation [23]. The di-
rect biochemical involvement of m6A demethylation in this

specific model requires further experimental verification.
FTO, which belongs to the Fe (II)- and alpha-ketoglutarate-
dependent (AlkB) dioxygenase family, has been shown
to be highly abundant in the brain and closely associated
with reduced brain volume in adolescents [36,37]. Also,
FTO deficiency has been proven to repress the prolifera-
tion and neuronal differentiation of adult neural stem cells
[25]. Loss of FTO changes the m6A modification of the
transcriptome and plays a regulatory role in neuronal sur-
vival, development and activity in the neuronal system [38].
Additionally, the specific and constitutive deletion of FTO
is responsible for abnormal adult neurogenesis via the regu-
lation of brain-derived neurotrophic factor (BDNF) and sig-
nal transducer and activator of transcription 3 (Stat3) signal-
ing [36,39]. Previous studies have suggested that FTO is of
great importance for neuronal activity and function. More-
over, FTO has been demonstrated to be associated with pri-
mary open-angle glaucoma [37]. However, FTO may play
context-dependent roles in neurological disorders. Previ-
ous studies have further reported that FTO can exert neu-
roprotective effects by regulating oxidative stress and neu-
ronal death [40], whereas dysregulated FTO may also be in-
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volved in neuroinflammation, neurotoxicity, and neuronal
dysfunction [41,42]. Therefore, the effects of FTO may
vary depending on the disease model, cell type, injury stage,
and downstream targets.

Although the role of FTO and the FTO-related mech-
anism of EFNB2 in RGCs are largely unknown, our exper-
imental results show that FTO expression was enhanced by
H,0; in a concentration-dependent manner. It is notewor-
thy that H,O, treatment alone upregulated both FTO and
EFNB2, which may reflect an endogenous stress response;
however, this endogenous upregulation appeared insuffi-
cient to fully protect RGCs against oxidative injury, as FTO
overexpression was required to achieve significant protec-
tion. FTO overexpression attenuated the H,O,-induced de-
crease in RGC viability, together with an increase in cell
apoptosis and caspase-3 activity and ROS level, while up-
regulating the expression levels of EFNB2/EPHB4 and sup-
pressing Bax and cleaved caspase-3 in RGCs. Additionally,
EFNB2 knockdown reversed the effects of FTO on RGC vi-
ability, apoptosis, ROS level, and the expression levels of
EPHB4, Bax, and cleaved caspase-3. These findings sug-
gest that FTO-mediated protection is associated with the
upregulation of EFNB2 expression in RGCs. Furthermore,
we speculate that FTO modulation of EFNB2 might serve
as a cellular stress response during oxidative injury, though
whether this process relies strictly on m6A demethylation
remains a hypothesis to be fully tested.

This study has several limitations. First, the experi-
ments were performed in vitro; the FTO/EFNB2 axis re-
quires validation in animal models of traumatic optic neu-
ropathy. Second, while we hypothesize that FTO may reg-
ulate EFNB2 through m6A demethylation, no direct m6A-
related experiments (such as MeRIP-qPCR, m6A quantifi-
cation, or RNA stability assays) were performed in this
study. Finally, the narrow range of H,O, concentrations
used in the cytotoxicity assays failed to fully elucidate the
dose-effect relationship of oxidative injury.

Conclusions

In summary, this study demonstrates that the
FTO/EFNB2 axis protects RGCs against H,O,-induced
oxidative damage. FTO upregulates EFNB2 and EPHB4
expression, reduces ROS accumulation and apoptosis, and
enhances RGC viability. EFNB2 knockdown reverses
these protective effects, indicating that EFNB2 functions
as a downstream effector of FTO. To the best of our
knowledge, this is the first study to implicate EFNB2 in
RGC oxidative damage. Although direct evidence for
mo6A-dependent regulation and EPHB4 signaling activa-
tion is lacking, our findings identify the FTO/EFNB2 axis
as a potential therapeutic target for oxidative stress-related
RGC injury. Future in vivo studies and mechanistic
investigations are warranted to validate these findings.
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