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Supplementary Fig. 1 | Preparation and characterization of siMETTL3-hNVs. a, Flow cytometry
analysis of CD206 expression in BV2 microglial cells after IL-4 stimulation to induce an M2-polarized
phenotype (n = 3 independent experiments). b, Relative mRNA expression of Mrcl, Argl and 114 in
MO-NVs and M2-NVs (7 = 3 independent experiments; exact P value: Argl, MO-NVs vs. M2-NVs P
= 1.72E-5). ¢, TEM images and particle size distributions of M2-NVs and siMETTL3@Lipo (n = 3
independent experiments). Scale bar, 150 nm. d, Fluorescence changes of DiD-doped
sSIMETTL3@Lipo after mixing with M2-NVs at different molar ratios, as assessed by Forster
resonance energy transfer. e, Effect of different formulation components on the encapsulation
efficiency of siMETTL3, assessed by agarose gel electrophoresis. f-h, Binding capacity of M2-NVs
toward TNF-a (f), IL-6 (g) and IL-1P (h) (n = 4 independent experiments; exact P values: f, 10 vs. 40

ug P=121E—4; g, 10 vs. 40 ug P =3.62E-5; h, 10 vs. 40 ug P = 2.33E-7). i, In vitro cytotoxicity of
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M2-NVs, siMETTL3@Lipo and siMETTL3-hNVs at different concentrations in bEnd.3 and BV2 cells
(n = 3 independent experiments). j, Haemolysis assay of red blood cells incubated with M2-NVs,
sSIMETTL3@Lipo or siMETTL3-hNVs; the black dashed line indicates the haemolysis threshold of 5%
(n = 3 independent experiments). For b and f—j, data are presented as mean + s.e.m., with statistical
significance assessed using two-tailed Student’s t-test (b) and one-way ANOVA followed by Tukey’s
multiple comparison test (f-h).
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Supplementary Fig. 2 | Validation of the lipopolysaccharide-induced neuroinflammation model
and biodistribution of siMETTL3-hNVs. a—d, Representative movement paths of mice in the
open-field test (a) and quantitative analysis of total distance (b), centre distance (c) and centre time
(d) (n = 4 biologically independent mice). e,f, Representative video tracking images in the Morris
water maze test (e) and quantification of time spent in the target zone during the probe trial (f) (n =4
biologically independent mice). g,h, Ex vivo fluorescence images (g) and corresponding radiance
quantification (h) of isolated tissues collected 24 h after administration of sSiMETTL3-hNVs (n =3
biologically independent samples). Experiments were performed using six-week-old female
C57BL/6J mice. For b—d, f and h, data are presented as mean + s.e.m., with statistical significance

assessed using a two-tailed Student’s t-test.
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Supplementary Fig. 3 | Cell-type-dependent uptake of siMETTL3-hNVs in vitro and in vivo. a,
Schematic illustration of cellular uptake of siMETTL3-hNVs by different brain-relevant cell types.
Created in BioRender. Xu, L. (2026) https://BioRender.com/4200120. b, Flow cytometry analysis of
siMETTL3-hNVs, M2-NVs and siMETTL3@Lipo uptake by BV2 microglia, C8-D1A astrocytes,

HT22 neurons and bEnd.3 endothelial cells after 30 or 90 min of incubation (n = 3 independent
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experiments). c—e, Quantitative analysis of mean fluorescence intensity (MFI) in the indicated cell
types after treatment with sSIMETTL3-hNVs (¢), M2-NVs (d) or siMETTL3@Lipo (e) (n =3
independent experiments; exact P values of ¢: 30 min, BV2 vs. C8-D1A P=547E-11, BV2 vs.
bEnd.3 P=1.43E-13, BV2 vs. HT22 P =3.93E-10; 90 min, BV2 vs. C§-D1A P = 1.05E-25, BV2
vs. bEnd.3 P =2.19E-27, BV2 vs. HT22 P = 8.93E—25; exact P values of d: 90 min, BV2 vs. C8-
D1A P=3.12E-9, BV2 vs. bEnd.3 P = 1.03E—-10). f, Flow cytometric quantification of BV2 uptake
after incubation with DiD-labelled siMETTL3-hNVs for the indicated durations (z = 3 independent
experiments; exact P values: 0 vs. | h P=8.87E-13;0vs.2h P=1.73E-15;0vs.4h P=
4.83E—-17;0vs. 6 h P=491E—-19; 0 vs. 8 h P =4.43E—19). g, Gating strategy for flow cytometry
analysis of brain cell populations. Markers used for gating included NeuN for neurons, ACSA-2 for
astrocytes, CD11b for microglia and CD31 for brain capillary endothelial cells. h,i,
Immunofluorescence images of brain sections collected 24 h after intravenous injection of DiR-
labelled siMETTL3-hNVs and stained for IBA1 (h) or GFAP (i) (n = 3 biologically independent
brain samples). Scale bars, 100 um (main images) and 25 pm (enlarged views). Experiments were
performed using six-week-old female C57BL/6J mice. For ¢, data are presented as mean + s.e.m.,
with statistical significance assessed using one-way ANOVA (f) or two-way ANOVA (¢, d, and e)

followed by Tukey’s multiple comparison test.
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Supplementary Fig. 4 | Mechanistic evaluation of inflamed-brain delivery. a,b, Representative

images (a) and quantification (b) of Evans blue extravasation in brain tissues from PBS- or LPS-
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injected mice (n = 3 biologically independent brain samples). Scale bars, 0.5 cm. ¢, Western blot
analysis of CCL2 expression in LPS-stimulated BV2 cells and CCR2 expression in M2-BV?2 cells.
d,e, Schematic illustration of endothelial barrier tightness measurement by transendothelial electrical
resistance (TEER) assay (d) and TEER values of bEnd.3 endothelial monolayers over culture time
(e; n =3 independent experiments). f,g, Schematic of the in vitro BBB model (f) and quantification
of fluorescence intensity in the BBB model (g; n = 3 independent experiments). h, CLSM images of
lower-chamber BV2 cells after 48 h treatment with DiD-labelled siMETTL3@Lipo, M2-NVs or
siMETTL3-hNVs (n = 3 independent experiments). Scale bars, 20 pum. i,j, Flow cytometry
histograms (i) and quantitative analysis (j) of nanoparticle uptake by BV2 cells in the lower chamber
after transendothelial transport (n = 3 independent experiments; exact P values: Control vs. M2-NVss
P =1.39E—4; Control vs. sSiMETTL3-hNVs P = 2.06E—10). k,l, Schematic of the bEnd.3 Transwell
assay for endocytic inhibition (k) and relative fluorescence intensity of siMETTL3-hNVs after
pretreatment with different endocytic inhibitors, normalized to the sSiIMETTL3-hNVs group (I; » =3
independent experiments; exact P value: siMETTL3-hNVs vs. MBCD P = 4.17E—6). m,n, /n vivo
fluorescence images (m) and quantification of brain fluorescence intensity (n) in healthy mice and
LPS-induced neuroinflammatory mice receiving PBS or siMETTL3-hNVs (n = 3 biologically
independent mice). 0, ELISA analysis of CCL2 levels in brain tissues under different inflammatory
conditions (n = 3 biologically independent brain samples; exact P values: PBS vs. LPS 0.25 mg/kg P
=1.06E-5; PBS vs. LPS 0.5 mg/kg P = 1.08E—6; PBS vs. LPS 1 mg/kg P = 8.24E—8). Experiments
were performed using six-week-old female C57BL/6J mice. For b, e, g, j, I, n and o, data are
presented as mean =+ s.e.m., with statistical significance assessed using two-tailed Student’s t-test (b)
and one-way ANOVA (j, I and o) or two-way ANOVA (n) followed by Tukey’s multiple comparison
test. Panel d, f, and k created in BioRender. Xu, L. (2026) https://BioRender.com/of7bkyt.
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Supplementary Fig. 5 | Intracellular delivery, METTL3 silencing and microglial reprogramming.
a, CLSM images of BV2 cells treated with DiD-labelled siMETTL3-hNVs (50 pg/mL) for different
durations. Lysosomes were stained with LysoTracker Green (green), and nuclei were stained with
Hoechst 33342 (blue) (n = 3 independent experiments). Scale bar, 10 um. b,c, QRT-PCR analysis (b)
and western blot analysis (¢) of METTL3 expression in LPS-stimulated BV2 cells treated with

S9



different siRNA sequences targeting METTL3 (n = 3 independent experiments for b; exact P values:
Control vs. siRNA1 P = 8.54E—5; Control vs. siRNA2 P = 5.64E-5). d,e, Dot blot analysis (d) and
quantification (e) of m°A levels in BV2 cells. Methylene blue staining served as the loading control (n
= 3 independent experiments). f, GSEA plots showing enrichment profiles of upregulated genes. g,
gRT-PCR analysis of inflammatory and polarization-associated genes in LPS-treated BV2 cells with
or without Mettl3 knockdown (n = 3 independent experiments; exact P values: /16 P =2.79E-31; Tnf
P =6.55E—-15; Il1b P = 6.72E-21; Mrcl P =2.45E-9; Argl P = 1.06E—19; 1l4 P = 1.16E-32). h,i,
gRT-PCR analysis of M1 marker genes (//6, Tnf and Nos2) and M2 marker genes (4rgl, Mrcl, 1110
and //4) (h) and immunoblot analysis of ARGI1, iNOS and METTL3 (i) in BV2 cells after different
treatments (n = 3 independent experiments for h). j—1, ELISA analysis of IL-1p (j), IL-6 (k) and IL-4
(1) secreted by BV2 cells after different treatments (n = 3 independent experiments; exact P values: j,
G2vs. G3 P=1.35E-5,G2 vs. G5 P=1.75E-9; k, G2 vs. G5 P=2.57E-5; 1, G2 vs. G5 P=6.62E-7).
G1, Control; G2, LPS; G3, LPS + siMETTL3@Lipo; G4, LPS + M2-NVs; G5, LPS + siMETTL3-
hNVs. For b, e, g and j-1, data are presented as mean =+ s.e.m., with statistical significance assessed
using two-tailed Student’s t-test (e) and one-way ANOVA (b, j-1) or two-way ANOVA (g) followed by

Tukey’s multiple comparison test.
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Supplementary Fig. 6 | Neuroprotection in microglia-neuron models. a, Schematic of the
experimental design for cytokine analysis and HT22 neuron conditioned culture. Created in BioRender.
Xu, L. (2026) https://BioRender.com/n69hlel. b, Viability of HT22 cells incubated with conditioned
medium collected from differently treated BV2 cells (» = 3 independent experiments). c,d,
Immunofluorescence images (¢) and quantification (d) of MAP2 expression in HT22 neurons after
different treatments (n = 10 independent experiments; exact P values: G2 vs. Gl P = 7.66E-22; G2
vs. G3 P =1.67E-9; G2 vs. G5 P = 6.87E-20). Scale bar, 10 um. G1, Control; G2, LPS; G3, LPS +
siMETTL3@Lipo; G4, LPS + M2-NVs; G5, LPS + siMETTL3-hNVs. For b and d, data are presented
as mean + s.e.m., with statistical significance assessed using one-way ANOVA followed by Tukey’s
multiple comparison test.
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Supplementary Fig. 7 | In vivo therapeutic efficacy of siMETTL3-hNVs in lipopolysaccharide-

induced neuroinflammation. a, Body weight curves of LPS-induced neuroinflammatory mice after

different treatments (n = 6 biologically independent mice). b—d, Quantitative analysis of total distance
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(b), number of entries into the centre zone (¢) and velocity (d) in the open-field test (n = 6 biologically
independent mice; exact P values: b, G2 vs. G5 P = 7.87E-5; d, G2 vs. G5 P = 2.51E-5). e,
Quantification of latency in the probe test (e) and number of target crossings (f) in the Morris water
maze test (n = 6 biologically independent mice). g, Gating strategy for M 1-like and M2-like microglia,
showing the identification of CD45™CD11b"CD80* M1-like and CD45™CD11b"CD206" M2-like
microglia. h,i, ELISA analysis of TNF-a and IL-6 levels in the hippocampus (h) and cortex (i) after
different treatments (n = 4 biologically independent brain samples; exact P values: h, TNF-a, G2 vs.
G5 P=4.64E-9, G3 vs. G5 P=6.44E—-6; h, IL-6, G2 vs. G5 P =8.07E-9, G3 vs. G5 P =8.97E-7; i,
TNF-a, G2 vs. G5 P=3.71E-9, G3 vs. G5 P =7.12E-7; i, IL-6, G2 vs. G5 P = 1.04E—8, G3 vs. G5
P = 2.92E-7). j,k, GFAP immunofluorescence images (j) and quantification (k) of hippocampal
sections after treatment (n = 4 biologically independent brain samples; exact P values: G2 vs. G5 P =
6.95E—-10; G5 vs. G4 P=9.90E-5). Scale bar, 40 um. 1, Representative H&E and Nissl staining images
of the hippocampus after different treatments. Scale bar, 100 um. G1, Control; G2, LPS; G3, LPS +
siMETTL3@Lipo; G4, LPS + M2-NVs; G5, LPS + siMETTL3-hNVs. Experiments were performed
using six-week-old female C57BL/6J mice. For a—f, h, i and k, data are presented as mean + s.e.m.,
with statistical significance assessed using one-way ANOVA followed by Tukey’s multiple comparison
test (b—f, h, i and k).

S13



N >
\T\Ox\\‘\ \@\(’;{‘\’
) < Scaled GSVA score
FRUCTOSE METABOLISM _|2-_1 0 1 -2|

PARKIN PATHWAY
STAT3 TARGETS
REGULATION OF PYRUVATE DEHYDROGENASE PDH COMPLEX
MITOCHONDRIAL FATTY ACID BETA OXIDATION
MITOCHONDRIAL CALCIUM IGN TRANSPORT
RHO GTPASES ACTIVATE RHOTEKIN AND RHOPHILINS
TRANSCRIPTIONAL ACTIVATION OF MITOCHONDRIAL BIOGENESIS
MITOCHONDRIAL BIOGENESIS
TNFR1 MEDIATED GERAMIDE PRODUCTION
ACETYLCHOLINE NEUROTRANSMITTER RELEASE CYCLE
NOREPINEPHRINE NEUROTRANSMITTER RELEASE CYCLE
PHENYLALANINE AND TYROSINE METABOLISM
CITRIC ACID GYGLE TCA CYCLE
NONSENSE MEDIATED DECAY NMD
EUKARYOTIC TRANSLATION INITIATION

|| TcAcYCLE
SYNAPTIC ADHESION LIKE MOLECULES
MITOCHONDRIAL FATTY ACID BETA OXIDATION
MITOCHONDRIAL LONG CHAIN FATTY ACID BETACXIDATION
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Supplementary Fig. 9 | Behavioral recovery and inflammatory microenvironment remodeling in
radiation-induced brain injury. a, Body weight curves of RIBI mice after different treatments (n =
5 biologically independent mice). b,¢, Quantitative analysis of centre distance (b) and velocity (c) in
the open-field test (n = 5 biologically independent mice). d,e, Quantification of latency in the probe
test (d) and number of target crossings (e) in the Morris water maze test (n = 5 biologically independent
mice). f—j, qRT-PCR analysis of Tnf, 116, 111D, Argl and Mrcl expression in brain tissues after different
treatments (n = 3 biologically independent brain samples). k,l, Flow cytometric quantification of
CD80" (k) and CD206" (1) microglia in brains from RIBI mice (n = 4 biologically independent brain
samples). m, Representative haematoxylin and eosin and Nissl staining images of cortical sections
after different treatments (n = 3 biologically independent brain samples). Scale bars, 100 um.
Experiments were performed using six-week-old female C57BL/6J mice. For a—l, data are presented
as mean =+ s.e.m., with statistical significance assessed using one-way ANOVA followed by Tukey’s
multiple comparison test (b-I).
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Supplementary Fig. 10 | /n vivo biosafety evaluation. Histological analysis of heart, liver, spleen,
lung, and kidney tissues from (a) LPS-induced neuroinflammation mice and (b) RIBI mice, stained
with H&E (n = 3 biologically independent brain samples). Scale bar, 100 pm. Experiments were

performed using six-week-old female C57BL/6J mice.
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Supplementary table 1. List of M2 macrophage activation-associated genes.

The M2 macrophage activation-associated genes

STAT6

NFIL3

DUSP6

IRF4

SOCSI1 STAT3 MMP12 CCL18 PPARG
KLF4 ALOXI15 MMP1 CCL17 SOCS2
RIPK3 TGM2 CD163 CCL13 GATA3
PTX3 IL17RB CD206 CCL4 ID3

SOCS3

SBNO2

SMAD2

RGS1
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Supplementary table 2. List of oligonucleotides

Name Sequence Note

18s rRNA-qPCR-F TGTGCCGCTAGAGGTGAAATT

18s rRNA-qPCR-R TGGCAAATGCTTTCGCTTT

METTL3-F CGTAGTGATAGTCCCGTGCC

METTL3-R TGGCGTAGAGATGGCAAGAC

ARGI1-F ACATTGGCTTGCGAGACGTA

ARGI-R ATCACCTTGCCAATCCCCAG

MRCI1-F GGCTGATTACGAGCAGTGGA

MRCI1-R ACATGCCAGGGTCACCTTTC

NOS2-F GAGCCACAGTCCTCTTTGCT

NOS2-R ACCACCAGCAGTAGTTGCTC

TNF-o-F CCTCACACTCACAAACCACCA

TNF-a-R ACAAGGTACAACCCATCGGC Primers for
IL-1B-F ATGCCACCTTTTGACAGTGATG qPCR
IL-1B-R TGTGCTGCTGCGAGATTTGA

IL-6-F TGATGGATGCTACCAAACTGGA

IL-6-R TCTGTGACTCCAGCTTATCTCTTG

IL-4-F GTACCAGGAGCCATATCCACG

IL-4-R GTTGCTGTGAGGACGTTTGG

IL-10-F TGAATTCCCTGGGTGAGAAGC

IL-10-R CATTCATGGCCTTGTAGACACC

SOCS3-F CTGCAGGAGAGCGGATTCTA

SOCS3-R CTCACACTGGATGCGTAGGT

GAPDH-F GGGTCCCAGCTTAGGTTCATC

GAPDH-R ATCCGTTCACACCGACCTTC

METTL3 siRNA sense-1 CACCUUGGGAUAUUCACAUTT

METTL3 siRNA antisense-1 AUGUGAAUAUCCCAAGGUGTT )
METTL3 siRNA sense-2 CCUCCAAGAUGAUGCACAUTT | | 8etng
METTL3 siRNA antisense-2 AUGUGCAUCAUCUUGGAGGTT METTL3
METTL3 siRNA sense-3 CCUGCAAAUAUGUUCACUATT nmel;zife o

METTL3 siRNA antisense-3

UAGUGAACAUAUUUGCAGGTT

NC siRNA sense

UUCUCCGAACGUGUCACGUTT

NC siRNA antisense

ACGUGACACGUUCGGAGAATT

control
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