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[bookmark: OLE_LINK102]Supplementary Figure 1. Validation of miRNA mimic transfection efficiency in BoMac cells. (A) Transfection of Cy3-labeled bta-miR-149-5p mimic (22 pmol) for 24 h, with transfection efficiency confirmed by qRT-PCR (normalized to U6) and fluorescence microscopy. (B) Validation of bta-miR-1307 mimic (22 pmol, 24 h) transfection by qRT-PCR (normalized to U6). Data are presented as mean ± SEM from three independent experiments. Statistical significance was determined using a two-tailed Student’s t-test (A, B). *** p < 0.001 compared with the indicated control group. ns, not significant.
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Supplementary Figure 2. Bioinformatic analyses of bta-miR-149-5p target pathways. (A) GO enrichment analysis of predicted bta-miR-149-5p target genes. 
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Supplementary Figure 3. Screening of the optimal p38-MAPK-targeting siRNA. (A) Western blot analysis of p38-MAPK protein expression after transfection with three siRNAs (10 nM).
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[bookmark: OLE_LINK99]Supplementary Figure 4. Bioinformatic analyses of bta-miR-1307 target pathways. (A) GO enrichment analysis of predicted bta-miR-1307 target genes.
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Supplementary Figure 5. Validation of miR-149-5p knockout and its functional consequences. (A) Results of Sanger sequencing confirming miR-149-5p knockout in MAC-T cells. (B) Representative agarose gel electrophoresis of genotyping PCR products showing a 63 bp size difference between wild-type (WT) and miR-149-5p knockout (KO) MAC-T clones. (C) Relative mRNA expression of MAPK14 in WT and KO cells, as determined by qRT-PCR (normalized to GAPDH). (D) Western blot analysis of Alix and NOX in purified EV lysates. Data are presented as mean ± SEM from three independent biological experiments (n = 3). Statistical significance was determined using a two-tailed Student’s t-test. ** p < 0.01 compared with the indicated control group. ns, not significant.
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Supplementary Figure 6. Dose-dependent production of CXCL1 and Ly6G upon M. bovis NX2 challenge. (A) CXCL1 and (B) Ly6G levels in mammary tissues quantified by ELISA. Data are presented as mean ± SEM from three independent biological experiments (n = 4 mice per group). Statistical significance was determined using one-way ANOVA followed by Tukey’s multiple comparisons test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the indicated groups. ns, not significant.
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Supplementary Figure 7. Physicochemical characterization and functional evaluation of miRNA-loaded LNPs. (A) Optimization of LNP formulations with varying N/P ratios (1:1, 2:1, 3:1, and 5:1), characterized by particle size, zeta potential, PDI, and miRNA encapsulation efficiency (EE%). (B) Representative DLS profiles showing the hydrodynamic particle size distribution and zeta potential distribution of LNP-NC and LNP-miRNAs. (C) Agarose gel electrophoresis analysis of the integrity of miRNA mimics encapsulated within LNPs after incubation with 10% FBS at 37 °C for 0, 6, 12, and 24 h. (D) Time-dependent changes in hydrodynamic particle size and PDI of LNP-miRNAs during incubation with 10% FBS at 37 °C, as determined by DLS. (E) Agarose gel electrophoresis analysis of RNase A-mediated degradation of free miRNA mimics and LNP-encapsulated miRNA mimics in the presence or absence of Triton X-100-mediated LNP disruption. (F, G) Cytotoxicity evaluation of LNP-NC (F) and LNP-miRNAs (G) at different concentrations in BoMac cells using the MTT assay. Data are presented as mean ± SEM from three independent biological experiments (n = 3). Statistical significance was determined using one-way ANOVA followed by Tukey’s multiple comparisons test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the indicated groups. ns, not significant.
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[bookmark: OLE_LINK123]Supplementary Figure 8. Dose-dependent inhibitory effects of LNP-mediated bta-miR-149-5p and bta-miR-1307 co-delivery on CXCL1 and Ly6G levels in vivo. (A) CXCL1 and (B) Ly6G levels in mammary tissues quantified by ELISA. Data are presented as mean ± SEM from three independent biological experiments (n = 4 mice per group). Statistical significance was determined using one-way ANOVA followed by Tukey’s multiple comparisons test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the indicated groups. ns, not significant.



image4.jpg
5

A

4

Category

cc
MF

e

©
(anjea-d)" 6oy

2

1-

0-

Term




image5.jpg
A

MAC-T (WT)

CCTCCCTCCCTCGGTGG-\C-\C\C\CGGG A\GTG-\A\G\C-\CGG-\GCC%G '\GCCTGGGCGCCGGCCTGGGGCCCCGGGCGGGCTGGGCCGAGGCGCCCCG -\GCCGCTGCGGGGCGG-\TGTC

WMMNWMWMN“ MWNMMWMMMMVMWMWMMWMMMMMWM

GTGGCC-\GTGGTC-\GGGCCCGCGCTCCAGGGTC-\CCTGTGGGTCGGG iC-\CCTCCCGGGC-\GAGGGC\G\CTCTGCGGGGC-\CCTTCCTG\\C-\GC-\GGCCTGCTCCCCCC-\

MAC-T (KO)

270 280 290 300 310 320 330 340 350 360
.CCTCCCTCCCTCGGTGG,—\C:\C:\C:\CGGCvAGTC:\GAGCCGCTGCGGGGCGGATGTCGTGGCC:\GTGGTC:\GGGCCCGCGCTCC:\GGGTCACCTGTGGGTCGGG:\C.—\CCTCCCGGCAGA(

M WT KO M
M.bovis NX2-WT-EVs
2.5 . T 10 50 100 200 wg/mL
s HE KO Alix s e e | 100 KDa
‘B 2.0
§ NOX 50 KDa
o =
<Z': 1.5
né M.bovis NX2-KO-EVs
5 he= 10 50 100 200 Mg/mL
B . Alix ~ == euss e | 100 KDa
S 0.
-4
NOX 50 KDa
0.0-

MAPK14




image6.jpg
CXCLI1 concentration (pg/mL)

250

200

150

100

50

Ly6G concentration (pg/mL)

60

40

20

ok ok
Hkskok

skeskok

|
wl
=

4 ¢4 <«





image7.jpg
150 bp
100 bp

50 bp

Particle size

Zeta potential

N/P ratio PDI EE%
(am) (mV)
1:1 121.0+1.37 -1.16+0.19 0.20+0.12 72.65%+4.69%
2:1 98.2+0.69 -0.57+0.20 0.16+0.10 80.78%+5.71%
3:1 82.6+0.47 -0.24+0.11 0.08+0.02 96.28%+2.63%
5:1 92.5+1.15 -0.3740.35 0.10+0.07 84.39%:+5.40%
LNP-NC LNP-miRNAs
pl ]‘ 'i 18
” 01 1 10 100 let03 le+04 ’ ol 1 10 100 let03 letid
Size (d.om) Size (dnm)
= e Zeta Potential (mV) lv ) ) =¥ ZelaPo«uml‘t‘m\') e :
=~y D
TS @ &
TNV Ad S
oS & I
FEEE FEE
LAESSe oD E « FEL
S F & S e
e&e&\- &y Oy V?é‘y?é‘& $§
NN R R Y &
NIRERY S &
$§§ \,%Q\,e 5 S M 150 0.204 M §$§$ G M
*
ks ns
— 0.154
E 100 o T s & -
150 bp =3 — = 2 T
100 bp R A, 0.104 T 150 bp 150 bp
50 bp 2 E 100 bp 100 bp
- ———— Z 50 50 bp 50 bp
0.05 - -
0- 0.00-
0 6 12 24 (W 0 6 12 24(h
LNP-miRNAs+10%FBS LNP-miRNAs+10%FBS
ns G ns
ns ns
ns ns
1.5 ns 154 ___ ns
o ns ns
X ns S ns
: ns -~ ns
£ 1.01 2 1.0
) 2
= 3
8 0.5 B8 054
0.0 0.0
Ctl 0.1 05 1 25 5 10 20 (ug/mLl) Cul 0.1 05 1 25 5 10 20 (ug/mL)
LNP-NC LNP-miRNAs




image8.jpg
CXCLI concentration (pg/mL)

250

200

150

100

50+

Cy3-LNP-NC (2.5mg/kg)
Cy3-LNP-miRNAs (1 mg/kg)
Cy3-LNP-miRNAs (2.5 mg/kg)
Cy3-LNP-miRNAs (5 mg/kg)

Ly6G concentration (pg/mL)

<« > H o

Cy3-LNP-NC (2.5mg/kg)
Cy3-LNP-miRNAs (1 mg/kg)
Cy3-LNP-miRNAs (2.5 mg/kg)
Cy3-LNP-miRNAs (5 mg/kg)




image1.tiff
: “,
Q, <¢
# b %,
R
T T 1 ! o, Y,
22828" ° %
F 0 A A %, 0
k7
%
LOgl-gru-eq jo
uor1ssaxdxa aAnR[Y
15920H /¢AD orwrwr dg-64 [ -yIw-elq
x _._ - ,.ux@\
_ _ _ 1 % ow\
S 2888V mY,
S e S Vg s N
N AN A m.»x@ L
ds-6v1-yru-eiq jo %

uoIssardxo aAne[oy




image2.jpg
Category
MF
BP

B c
[ |
[ |

9
3
0-

©
(enjen-d)*6oj-

£
k]




image3.tiff
p38-MAPK

GAPDH

si-p38-MAPK
Si-NC  #1  #2 #3

p38-MAPK / GAPDH

1.5+

1.0

%k

ns

si-NC #1  #2 #3
si-p38-MAPK





