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= BAEFLIR I (triple negative breast cancer, TNBC)
TR Z MERLZR Z IR (estrogen receptor, ER) . 2P K Z 1k
(progesterone receptor, PR)FIAZ [z A4 K 132 142
(human epidermal growth factor receptor 2, HER2) A4
fER — 2 FUM 7, JEAE ZLMR e B 3 b o e ik
15%"71 TNBCHA M HERZR1E . 5 RAEAL LR I
TG A B ARG REFHEL HA, s X TNBCRIA L
FRIaIRYT FBe, AT U SRS 25 A =2 —
LRIT TR SR, BB 2GR SRR R
BOOLBEPA. IE Nt FoATE VI SRR A IR YT
.

NO-F B 7 (N®-methyladenosine, m°A)JEEL A%/
PImRNAH R H WA NFETE L, FEmRNARIBTHEE |
Wil . FeoE Pk SR S 2 M RNAR S FE &
FECHEAE P T mOA B A ) 3 R 2k 5 i i o)
fe A AR X, Hah Sz 2% s, — B
X PR R, BT RE - B4 R 7E N 1Y 2
WY & RN mOAMB R ) AR 2 T B S T R
HRMEAYEEAR) . LW IEIECEERRES )DL
mCAZES TR (BRI = 22 6] B 3 25 R A
POl BFFEFIH, mO AV TR SR T SR IR
Bl P B I R, AE MR SR B R Y
KA R BRSO AR g R A A i R A i
1417,

FH L 55 RS iR 2K 11 3 (methyltransferase-like 3,
METTL3)/&m A H 5 Ak ad # b (4% 0 H S 56 R ilg, I
5 LR AR R 14(METTL14) X WT A5G 26
(WTl-associated protein, WTAPYE W E &4, fiEfbm®A
EMEEMRNA_ERUTRRU S e e i, E A
FEFRMIMETTL3 B AT I fE it >0 AT st ok &
i, METTL3{EKZ A 5TNBCHE A KB il 5 % )46
KU HE, CA /NP Row R AT & T
fEHEMETTL3 %5k, AP E mC A H AL A -4
TNBCHEEPPL SR, X ISI6T7 WA AT BB 22 |
Ji B ] AN J2 A SOV A 1Y) 3R 0 i PR R S8 S 4 )
A, BRI THGR . P, R TR ST —FP AR R Ak
Sz R s R, DHRTHE T mC AV R 1)
IRITRCR.

TR A IA (exosome, Exo) R AL KA
FEE | B A A EEE R T DL N Z R 25 R R
P, UTAE A A LY ) LR IR 7 8 2 Bk R0,
SRINT, 4= B 4524 5 Exo A6 IS5 EUIE Uk s 48, FR
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il 7 H R g s SRR e T (A
AR, HR(folic acid, FA)SZIATE B MITNBC &
AT I 5% B8 g rh s 3R, LB TNBCTRYT i AR
(2540156 A0 A B0 B0 IR AV, AHIFSE SR HIN-F2
FEPE I -3 £ -8 (N-hydroxysuccinimide-
polyethylene glycol-folic acid, NHS-PEG-FA)X}Exoiff 1T
IHAREILIEME, LA SR T TNBCZH AR 04 SRR ). 1%
EHEAS T (2 2 25 W A I B 07 1) 4, IR B 5%
(S S VA NITE oA wi g SR N U B

ARHFFEHIEE T ZNHS-PEG-FA &M i T F24kExo,
FHT#E A% % METTL3 cDNAFRL, 5768 i 45
RPL19 mRNAMW R MBI LINTNBCIARYY . 4558 5%
W], NHS-PEG-FAMH i 342 = T FA-Exoft) i/ L 1]
ReR, S T METTL37EME A b kG sk .
I FIAMETTL3, TAHEExon] i ZHETFRPL19 mRNA
FR O A B AR KT, AR atE LA e, BT 0 e st . AR
WFoEEth T —Fhmsk . RFEEMMETTL3HE ] 3 1% S0,
JETR T m® A LIS 1 V8 P A8 Bl RS SR 7 i ) R
FHT .

1 SEus ik

L1 U SRR

SUM-159-PT5MDA-MB-23 1 4ilJiid W [ |- V5
WHEYRHA R A A (P ), 4T/ RIS 205
RAW264.7/)N B I 240 J A 40 A 1) 11 3 345 2 ().
MDA-MB-23 141 Jits % 55 10%i5 4 L7 (fetal bovine
serum, FBS, 164210-50, i3 51% 5 8B R -4 R
(penicillin-streptomycin, P/S, PB180120, i#38)AAL
/R UL Bk K Bagleds #7 #(Dulbecco’s modified eagle
medium, DMEM, C11995500BT, GIBCO, 3 [E )it f1H%
7. SUM-159-PT. 4T1KRAW 264. 741 MR FIRE &
10% FBS51% P/SHYRPMI-1640153ER(PM 150110,
WPOTATHIFR. TA QM ET37°C. 5% CO,MYiRiH
R G FRAA SR,

ARG Y UAALHS: METTL3(#86132), RPL19
(#14701-1-AP). GAPDH(#5174). Ki-67(#9449)
HRPFRICHI I (#7076, #7074)¥404 |4 Cell Signaling
Technology, Inc.(3E[H). kA, 1,1'-dioctadecyl-3,3,3',3'"-
tetramethylindocarbocyanine perchlorate(DIL, C10360)
5j1,1"-Dioctadecyl-3,3,3',3'-tetramethylindodicarbocya-
nine perchlorate(DID, C1039)¥41 H 28 = K (F H), B2



K S5 DAPIHA I H MedChemExpress(3E ).

12 JFkiAbid

523(5¢ 55 H (green fluorescent protein, GFP)fill
G HIMETTL3 cDNAJURLH F I LA A FRA R (h
E)E . RS LR 5] CMVIERF-MCS-
3flag-polyA-EF1A-zsGreen-sv40-puromycin(/) f)Fl
CM V5 F-MCS-3flag-polyA-EF 1 A-zsGreen-sv40-
puromycin(AZ). i FBamH 1FIKpn TFRHPE NI EEE
T3 A, F il DNAD T S i 20 B 1) e ik 2k
&, BR519)7 5T /M MettI3(NM_019721.2):
Mettl3(62891-1)-p1(5'-CACACTGGACTAGTG-
GATCCCGCCACCATGTCGGACACGTGGAGCTC-3"),
Mettl3(62891-1)-p2(5'-AGTCACTTAAGCTTGGTAC-
TAAATTCTTAGGTTTAGAGATGATGCCGTC-3"); A
#METTL3(NM_019852.5): METTL3(65839-1)-p1(5'-
CACACTGGACTAGTGGATCCCGCCACCATGTCG-
GACACGTGGAGCTC-3"), METTL3(65839-1)-p2(5'-
AGTCACTTAAGCTTGGTACTAAATTCTTAGGTTTA-
GAGATGATAC-3").

1.3 Exolilles. @ S53RAE

RAW 264.7/NRE REANBIBE B T37°C . 5% CO,5%
R, i 5 10% FBS51% P/SHIRPMI-16405% 37 5t ik
THESR. SRS B B2 70%0, HBERREh S mhik
(phosphate buffered saline, PBS)PEUA AN, 7EIC/MNRA
G 4F 137 5 57 H (exosome-depleted FBS, 41210ES76, 2
XY, hE) kSR FR48 h. HEE AR AN 3 TS
W, 763000 r/min | 25,0015 minA BRI AIRE A, BE)S
B LIS B LA, S IR (R A i
1 ExoQuick-TCIAR) I AExoQuick-TCULIER]. 1R
J&, WS T4CH IR P E . WH, IR G
1500 r/minZ.0>30 min, 725 FIEW. K53 B 15 2 Exo
FAR TR IxPBSHY, JHRAFET—80°C & H. 4lifk)s
Exofi 85 [ 5 R FHIBCAE A 2 Bl &k A 7 & .

R A [ AR AR B UFA-Exo, B 55 R 5G]
FEEXTExoZR I ARE A S T Ak, SRIF AR L)
NHS-PEG-FA(P009009, [ii4mFtee, HhE)SExo
(A e 5 AT (NHS R/ RZ BE JR EE 43 320, 0.1, 0.3F1
0.6)7EZ R 551 T TPBSH W4 h. Fifi 5 8 41 768 T 5.0
WAEFA-Exo, JTHIPBSYERRLL 2 BR AL & NHS-PEG-
FA. M9 kR, K4tk 5 i FA-Exo 43 51 5 DIL(H

FARII L) S DID(FH T4 N 52 56) 737 Calt G55
§¥75 10 min. fzJ5 il FH100 kDHEJE B .04 (MilliporeSig-
ma, TE[E)LFRZRYVEL

F % METTL3+FA-Exo, f#i FHExo-Fect/MihA%%:
Yk & (EXFT20A-1, System Biosciences, 35 )
GFPHRICAIMETTL3 cDNA Fk7(_ LV L3 AT B
R YL EFA-Exot. YR R B L R: 10 uL Exo-Fect
iXF . 20 uL METTL3-GFPJEAi(10 pug). 70 uLJCH
1xPBSH150 uL FA-Exo(10 pg). #5IRA15, T37°CH
IR 997 10 min, Fifif5 57 B EF ok b SR 2k RO, A
30 uL ExoQuick-TC, F&4MEA)JE VK30 min. Bl LA
13000~14000 r/min&5.0>3 minkAFF 5 FIEWK. HULn
Exoff]200 uL 1xPBSH&. #fifk/5FMETTL3+FA-Exoff]
B IR FIBCA S ORI Srdb A il 2, FRAe
i E T —80°C M RAE.

METTL3+FA-Exof R LG i F4% £ 4 it
BTG, FF % S HL ¥ i S (transmission elec-
tron microscope, TEM, HT7800, HITACHI, H A)#E47 W
£, g1 20 K 50RE R 5 43 BT (nanoparticle tracking analy-
sis, NTA, ZetaView, Particle Metrix, %[5 )il & Hoki 455
i AF A EHUE (dynamic light scattering, DLS,
Zetasizer Pro, Malvern Panalytical, 5% [E)llg Hot2:2
H; ffi HHDLS(Zetasizer Nano ZSE, Malvern Panalytical)
M FH ZetaML {37 .

1.4 Y RIPR LS

N M RIIR T RS 52562 BBE AL RF 9T ik b A2
A R FL2x 10° B 5% B e fh 6L, i 200 pL
KFEAR SR BRAE B2 SRR, W aE st
JFHPBSHERR2~3K DAL BRI ™ A 4iff. BS54 T
Exo(¥}#E4H). FA-ExoXMETTL3+FA-Exo4bt ¥ (4541
ExoBUE MR, WY H1x10' particles/mL, 45+L
100 pL), AN 1%IMIE R AL, 720524 horil4h
PG, W4T FLae i A1k,

1.5 wlEIEIE

FEREIE B S0 S IR B 5 O ik b AT, K A
PLEEFL700~1000-1 1Y %% BE Hefh o fLk b, B =AM
fL, 4394 T Exo(F FE4H) . FA-Exo XMETTL3+FA-Exo
AbFR(E A Exo$ AR, B 1x10" particles/mL,
FFL100 pL). ZkZekEgE15d, WiE)4aE3 dF fe—k 535
W WREEHUS, HIPBSURIAAIMI3R, AL mL 4%%
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R Z 10 min, FRRIHPBSEERI K. PEEEIIA
1 mLZ5 iR 10 min, SR 50k, FIPBSKX
2R, IR TR IE S5

16 s AR LA

K Annexin V-FITC/PIZH M JE 1K ik 5] &
(AD10, DOJINDO, H 7) K iit= 401 (FACSCanto,
Becton Dickinson, 32 [E)#EAT4NMIIE T-AGI. S5 BR
WF: K44 1A 2 EDTA R RS L5, HIPBS
VRSP, AT H 9 1x Annexin V5 SV, Brd
JoHe BE I R 1x10° cells/mL. HX100 L2 B 2 37k
KA H, HKNINAS uL Annexin V-FITCHI5 uL PI, %R
WEYEIFE 15 minJ, 37 RPIEA T =X e AAG 0.

1.7 EAFRPEHIE S Pr(Western blot, WB)

P Az Rh 2o fLArh, 43045 T Exo(Xf 4T |
FA-Exo 2 METTL3+FA-Exo/b ¥ (% 41 Exo %k A 7],
WPE N 1x10' particles/mL, 41100 pL), 4k&id 55
24 h. FALIMA10% PMSF(ST506, #2K)JRIPA
SHW(PO013B, I 2 K), FEvK L 2#20 min/5, T4°C
£ R LA12000 t/mingS 015 min AR FIEW, %
FIBCAZE % i il £1(23227, Thermo Fisher, JE[H)
M S . BEE 8 10%09 SDS-PAGE#E I i
FEASE, e EPVDFIE(1620112, Bio-Rad, 3
E). 5% UE 1 h, YEE3GE 95—t .
TYUEE . RAECLAL &L &(MA0186-2, ¢
£y, FE)FGel Doc XR+HLH K& IEIR R 5 (Bio-
Rad) RE AT W AL, FHH FHImage (17 E4
I3

1.8 DNAJRI G e S R A bt
(reverse transcription-polymerase chain
reaction, RT-qPCR)

K 1 3h ) 4 20 40 i 3 T 41 DN AR B ) &
(D1700, F3F, E)EEH TR ATExo 2 UDNA.
i FHE /M 66 T (Thermo  Fisher) & il i8 DNAK
J¥. RT-qPCRYECFX Opus96% ¢ E HPCRESE
(Bio-Rad) Li#17, Jfffif2xRealStar Fast ProJLffi
TR (A401-05, FEHAY), FE). SRA2-MCETTHE S
DU b . AR AP S~ RPL19: 5
AGCCTGTGACGGTCCATTCC-3"; 18S: 5-CGAACGT-
CTGCCCTATCAACTT-3"; METTL3: 5-CTGTGTCCA-
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TCTGTCTTGCCATCTC-3'; Bax: 5-AAGGTGCCGGA-
ACTGATCAG-3"; Bcl-2: 5-GAACTGGGGGAGGAT-
TGTGG-3'; si RPL19: 5'-CCACAUGUAUCACAGCCU-
GUATTUACAGGCUGUGAUACAUGUGGTT-3’

1.9  Exof4nafEi

KA MBS YR DID(C1036, 2125 KX Exo#H 4145
0. KR AR L2 < 10 (2 FE A T I R AR R R L
W, BEFR24 Wl H T I RE . B S I ZDIDFRCHY
Exo, 4F2LIL1E5724 he BEFREEAUG, (il T ZE SR 4
4R T e, DAPDW AN T Yt FeJe, FIA
WO IR A28 5 40 % 1 8% (LSM 880, ZEISS, & [H)
WS B %o Exo B U 1.

1.10  /DEUSEREE R ETRAR 516 HAAR (in vivo
imaging system, IVIS) &4

ARG P S T S I B AR 2 R AE R
A BRA R GRS S 44824700034432), FTA
SIS PRAER A R IR R R s e S R s
HEMER 23077 %2(20231127-05)i 4. ¥ 1x10° H4AT1/h
FRFL IS 40 P 2 R 1 5 2 BALB/C/NR ZEMIE R 1 em
Ak, SR RER FfriRg A A A OO0, 0 g )R B (L) R B B
(W), FFRIEAR@w )2 SRR, S AR
KF 100 mm* A EBRGEh, H5/N RUEEHL N =40
(FHHE4] . METTL3+Exo4l fIMETTL3+FA-Exo4,
n=5), LIPBSYE %t HE.

H200 pghyExo(1 pg/uL)7E37°C K H30 um DID
(C1039, FRF)YL(410 minf5, FRETHRTEE.C4lifk.
T8 1 B kT 51200 ugZE DIDARIC FUMETTL3+ExoBY,
METTL3+FA-Exo(1 ug/uL), BiJ5FHTVISIEEA [R] A
] s ExOTEA 2 B A A 1E L. IVISSER B ek
ORI 644 nm, e KA 665 nm, PLEF10 cm, B
]2 s. KA METTL3+FA-Exo ) ks 26 300% K
RN A FRR S %, @it EE bk m /N RES200 pg
METTL3+FA-Exo(n=15). FfiJ&, 435 T4 iHa) (12
24 48, 72196 h)Ab St/ NRIHRAEMRE 1L, X g
AT HRAEDI T, Wi GFPEMETTL3E H 3L
LA R e N R N S ES 7y S R S UE 1
SRR, s /N ER B AL 53 = d1(n=5): X R4
FA-ExoZH HIMETTL3+FA-Exof, VIPBSYEMXHE. 4§
3 A% /NEIEST—KPBS . FA-ExoE{METTL3+FA-Exo
GRIEYIN 10 mg/kg). TRITEEH G AL/, BUMRI 2



AUFRE, I TH&EYL (M ZMETTL3 . Ki-67FIRPL19
B E DG B T

1.11  J3ARRE-PHL (hematoxylin-eosin, H&E)4(h

i FHPBS 7S /0 PRIk 4, LAEAC TR K5,
BHATELRETA%LZRP BRI, F4CKRHT
FENR. ALEE RS, RRIETRUKAEEE . A
I Jf(li i Leica EM UC7/FCTHEHEY) H HLiEFTH)
F. VIR AH&EY 05, WAET B~ ME4HS
5554,

112 PEodkeitn

HAY) 7 9 H&EGE O BB AL 3RS, BEATHT
B, TRl T EMMEE, B 05 AR
RO — PR OEhRC B — it e, SJa T
T AR R, OF B T9O0 BB T .

1.13  /pEUMIE I A AL Fa b

FRIEMEIMAEART R E2 b5, T4CHKHETU
3000 r/minf 0215 min, LIRE L2 M. (-4 A3
B INRSHT AL (HEMAVET 950FS, Drew, ¥ [H),
WA s P ALT. AST. CRE X UREAZE:E4kTE
FRIAR AL APl /IS B B DO e

1.14  WHAERNAGIEILDIIE MY (methylated
RNA immunoprecipitation sequencing,

MeRIP-seq)

K HITRIzoli&57(15596026, Invitrogen, 3 [ )HEHL
SRNA, FERIIRNAMRE | 4l Kok, fii Holigo
(dT)/ER(25-61005, Thermo Fisher) & #Poly(A) RNA,
B JE AT R B AR, R B S FIRNAS PR 53, —
BRAME M Input X FEF HERN A-seq 3, 7 —#B 0 5mPA
i SRR (202003, Synaptic Systems, fE[E) K f ik
RIEE, T H IEALRNA G LT LS EmO A B 1
RNAF Bt InputhEAS 5 G e Ft e A o3 ) 254 7 XUt
cDNAG L. Hekifie . RiERIiEaifk XPCRY 1, 58
WSCER . SCEEA A )G, SR H1llumina Nova-
Seq™ 6000 5 5 HEAT WA S 5, I F A
PE150. Z5& Input RNA-seq5MeRIP-seq 8 #1752k
O3H, LA E mC A /K- B 5 AR AL B e SR AR . ARSI
AN FEECD EEREZRXAEYRE B B0
(PRICA061547).

1.15 mRNAFZEHENE

A A A = oS ALAR T, 400 45 T FA-Ex ok
METTL3+FA-Exo(45 ZHExo¥it AH ], e Jy1x10"
particles/mL, %5£L100 nL)ZbHEFF 155724 him, AR
# ZD(HY-17559, MedChemExpress)ifil % 5%, 435k
££250. 9FI12 hAb B 4HAE, i FI TRIzolialiM] $2 L
RNA, JfilidRT-qPCREIMRPL19 mRNA KK
Ak, DIPERE HASE V.

1.16 SilFnbr

KM GraphPad Prism 8Fl2#50 114 (GraphPad
Software, Inc., JEENIATESE M. 2L10] H R FH A
RT3 (ANOVA), B 2 ANOVAZE &5 XUREA S
Jr2=Student’s AR, BE LA E /D3R N7 SE S A (E
HhRER IR, W AR E R *P<0.05; **P<0.01;
**%P<0.001; ****P<0.0001.

2 SEIGEER
2.1 METTL3+FA-Exolt il 5 3#4E

K ExoQuick-TCHMBARIREUAF MRAW  264.7
/NERE W A 37 rh o i T Al AL AN R . WBZE SR i
N, AR AN AMA R AR B A F1CD8 1. HSP70F1
CD63, fij i /R B A 2R A GM 1 30A G I 21 23k (&1 1
(). FE—LXPINBARIATYHFRAE: TEMENZR B H
S [FE SO M 254 (1811(b)); NTAMIFESk
IMA 248144 A 141.65 nm, TR T A2.1x10"! par-
ticles/mL([&l1(c)); H:Zetar {ii H1—8.3+1.4 mV(IKIS1(a)).

BifS, FATRMEH AL, FIFHNHS-PEG-FAXA1
WAL T IhBEAL B M. DLS/Mr4s S R, 7EARINHS
BEAAREEE R EE(0, 0.1, 0.3F10.6) T il £ i - ER A& 1 21
WA (FA-Exo), KRR AR T AR AN MA IR 2y
10~50 nm, FHWINHS-PEG-FA T W& T-A k%
T (FIS1(b)). RIAR I KL R 4 2273 HiHS B (8 (poly-
dispersity index, PDI)>4: 0.1 FA-Exo040.1460, 0.3 FA-
Exo }0.1901, DA }0.6 FA-Exo 40.3664.

CL A BT 73 4G 38 B 1 D e AL (B 1A Bh T 4E R4
HKIORE R ZE A SE R A RS 2 A R Thfg e
SRS SRR, FRATT R L R IR LR 0.3 FA-
Exoffl TR 4L 56(&IS1(c), KI1(d)). 0.3 FA-ExolE255¢
R (El1(e)), NTADEHAFHK45 24 4165.75 nm(/&IS1
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(a) Con Exo (b) Exo (c) Exo
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% 0.50
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0.00

A
0 400 200 200 00 500 @00 700 g00 900 4000
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@ 0.59_ g ) FA-Exo W)
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—0.6 FA-Exo &' o8
_ 0.3 § <
g 2
0.2 o
0.1 T
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o
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M 1300 — —Con .
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g —METTL3
5 +FA-Exo £
5 1000 -2
b | B
L ¢ o
S 800
@
E 20
© 1.5 ns )
= ]
E 1.0 s
< 0.5
Bl 1 (MU ()METTL3+FA-Exof il 8 5 3RAE. (a) HEBTRPEENLE ST B/RGM130, CD81, HSP70MICD637EXS 4 5 Exo Hr iy 3R ik

5B, (b) Exoff)iss 5t B WA IZ. HLBIR: 200 nm. (c) 8 1 94 K IBURL BRI 73 F A Y Exo ki A2 4345 . (d) i#1d DLS /M AN [A] FA-Exoffil 51 Y PDI.
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Figure 1 (Color online) Preparation and characterization of METTL3+FA-Exo. (a) WB analysis showing the expression of GM130, CD81, HSP70,
and CD63 in control group (Con) and Exo. (b) Transmission electron microscopy images of Exo. Scale bar: 200 nm. (c) Size distribution of Exo
characterized by nanoparticle tracking analysis. (d) PDI of different FA-Exo formulations analyzed by DLS. (e) Transmission electron microscopy
images of FA-Exo (0.3). Scale bar: 200 nm. (f) RT-qPCR analysis of METTL3 mRNA. (g) Transmission electron microscopy images of METTL3+FA-
Exo. Scale bar: 200 nm. (h) Confocal laser scanning microscopy visualizing the internalization of Con (PBS), FA-Exo and METTL3+FA-Exo by SUM-
159-PT cells (Blue: DAPI; Red: exo-DIL; Green: phalloidin). Red arrows indicate Exo. Scale bar: 10 pm. Data are presented as mean+SEM. ns, not
significant; ****P<0.0001
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Figure 2 (Color online) Anti-tumor effect of METTL3+FA-Exo in vitro. (a, b) Scratch test in TNBC cells to assess cell migration rates after treatment
with Con (Exo), FA-Exo, or METTL3+FA-Exo. Scale bar: 300 um. (c, d) Plate cloning assay to evaluate cell proliferation ability after treatment with
Con (Exo), FA-Exo, or METTL3+FA-Exo. (¢) Flow cytometry analysis of TNBC cells stained with Annexin V-FITC/PI after treatment with Con (Exo),
FA-Exo, or METTL3+FA-Exo. Data are presented as mean+SEM. ns, not significant; ***%P<0.0001
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Figure 3 (Color online) Identification of Potential Targets Through METTL3 Overexpression via METTL3+FA-Exo Treatment in TNBC. (a) MeRIP-
seq experimental workflow. (b) Density distribution of m°A peaks across mRNA transcripts. (¢) Predominant consensus motif “RRACH” detected.
(d) KEGG analysis of genes modulated by METTL3+FA-Exo identified via m°A-seq analysis. (¢) WB analysis of RPL19 after treatment with Con
(FA-Exo) or METTL3+FA-Exo for 24 hours in SUM-159-PT cells. GAPDH was used as the loading control. Data are presented as mean+SEM.
*P<0.0001
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Figure 4 (Color online) Knockdown of RPL19 induces apoptosis and inhibits proliferation. (a) WB analysis of RPL19 protein expression in TNBC
cells after treatment with siRNA RPL19 for 24 hours. (b) qPCR analysis of RPL19, Bax, and BCL-2 mRNA levels in TNBC cells after treatment with
siRNA RPL19 for 24 hours. (c) CCK-8 assay measuring the proliferative activity of TNBC cells after treatment with si RPL19 for 24 hours. Data are

presented as mean+SEM. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001
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Figure 5 (Color online) METTL3+FA-Exo promotes m°A-mediated
decay of RPL19 mRNA. (a) m*A-seq peak visualization of RPL19
mRNA in SUM-159-PT cells after treatment with Con (FA-Exo) or
METTL3+FA-Exo. (b) Comparison of RPL19 mRNA under different
forms of alternative splicing patterns, with or without METTL3+FA-
Exo. (c) qPCR of nascent mRNA in the nucleus and cytoplasm with or
without METTL3+FA-Exo. (d) Half-life of RPL19 mRNA in SUM-159-
PT cells after treatment with or without METTL3+FA-Exo, followed by
termination of mRNA transcription using actinomycin D. Data are
presented as mean+SEM. ns, not significant
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Figure 6 (Color online) /n vivo distribution of METTL3+FA-Exo in 4T1 tumor-bearing mice. (a) Whole-body distribution images of mice after tail
vein injection of Con (PBS), METTL3+Exo, and METTL3+FA-Exo. Images were captured at specified time points of 12, 24, and 72 h post-injection.
Each group consisted of n=3 mice. (b) Fluorescence intensity at the tumor site over time, n=3. (c) Ex vivo fluorescence imaging of DID-labeled
exosomes in tumors and organs 72 h after tail vein injection. (d) Fluorescence intensity of DID-labeled exosomes in tumors and organs 72 h after tail

vein injection, #n=3. (¢) Immunofluorescence imaging of frozen sections of tumors and organs 72 h after tail vein injection (yellow: DID-Exo; blue:
DAPI). Scale bar: 100 um. Data are presented as mean+=SEM. ***"P<0.0001
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Figure 7 (Color online) /n vivo kinetics of METTL3+FA-Exo-mediated protein expression in tumor tissue. (a) Tumor tissues were collected at 12, 24,
48, 72, and 96 h after tail vein injection of METTL3+FA-Exo. Immunofluorescence analysis was performed to visualize the colocalization of GFP and
METTL3 proteins over time. Scale bar: 100 um. (b) Quantification of fluorescence intensity for METTL3-GFP protein expression, n=3.
(c) Fluorescence intensity of METTL3 protein, n=3. Data are presented as mean+SEM
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Figure 8 (Color online) Anti-tumor effect of METTL3+FA-Exo in vivo. (a) Schematic diagram of the experimental procedure (Created with
BioRender.com). (b) Representative images showing tumors from BALB/C mice. Scale bar: 10 mm. (c¢) Tumor volume measurements following
treatment with Con (PBS), FA-Exo, and METTL3+FA-Exo, n=5. (d) Tumor weight measurements following treatment with Con, FA-Exo, and METTL3
+FA-Exo, n=5. (e) Immunofluorescence staining of GFP and METTL3 in Con, FA-Exo, and METTL3+FA-Exo groups. Scale bar: 100 pm.
Quantification of METTL3 in tumor tissues using ImageJ, n=3. (f) Immunofluorescence staining of Ki-67 in Con, FA-Exo, and METTL3+FA-Exo
groups. Scale bar: 100 um. Quantification of Ki-67 in tumor tissues using ImagelJ, »=3. (g) Immunofluorescence staining of RPL19 in Con, FA-Exo, and
METTL3+FA-Exo groups. Scale bar: 100 pm. Quantification of RPL19 in tumor tissues using ImageJ, n=3. Data are presented as mean+SEM. ns, not
significant; ****P<0.0001
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Figure 9 (Color online) The systematic toxicity assessment of METTL3+FA-Exo. (a) H&E staining of the heart, liver, and kidney from mice treated
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Urea, blood urea nitrogen. ns, not significant
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Triple negative breast cancer (TNBC) is characterized by the absence of estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2), accounting for up to 15% of all breast cancer cases. TNBC is known for its aggressive nature, high
metastatic potential, and poor prognosis. Currently, there are no targeted therapies available for TNBC, and chemotherapy, particularly with
agents like paclitaxel, remains the standard treatment option. However, treatment failure is common due to the development of acquired or
intrinsic resistance. This underscores the urgent need to explore more effective therapeutic strategies.

m°A is the most prevalent internal modification in eukaryotic mRNA and plays a crucial role in various aspects of RNA metabolism, including
mRNA expression, splicing, nuclear export, and stability. Due to its significant regulatory impact on gene expression and cellular function, the
dynamic balance of m°A methylation is tightly controlled, and disruptions in this balance can lead to various diseases, including cancer. The
biological abundance and functions of m®A on RNA are determined by the dynamic interplay between methyltransferases (writers), demethylases
(erasers), and m®A-binding proteins (readers). Dysregulation of m°A modulators has been shown to act as oncogenes or tumor suppressors,
playing a critical role in cancer initiation, progression, metastasis, metabolism, and immune evasion within the tumor microenvironment.
Methyltransferase-like 3 (METTL3) is a key enzyme in m°A methylation, forming a methyltransferase complex with methyltransferase-like 14
(METTL14) and WT1-associated protein (WTAP) that is responsible for m*A deposition on mRNA. In endometrial cancer, METTL3 has been
reported to exhibit tumor-suppressive effects. Our previous studies also demonstrated that low METTL3 expression is associated with poor
prognosis in TNBC patients. Small molecule drugs and viral vectors have been developed to promote METTL3 expression and restore
methylation balance, thereby inhibiting TNBC progression. However, despite some progress, these therapeutic approaches are limited in clinical
trials due to poor selectivity, low tumor-targeting capability, and associated systemic toxicity and immunogenicity. There is an urgent need for a
delivery system that enhances safety and efficiency to improve the therapeutic outcomes of m*A modulator-based strategies.

Exosome (Exo) have emerged as promising targeted drug delivery carriers in gene therapy due to their unique biocompatibility, deep tissue
penetration, and versatile cargo capacity. However, following systemic administration, Exo tend to accumulate rapidly in the liver and spleen,
limiting their ability to selectively target specific organs and tissues. Additionally, extensive research has shown that folate receptors are highly
expressed in high-grade TNBC and residual tumors after chemotherapy, making them potential therapeutic targets for drug delivery in TNBC. To
address these challenges, we functionalized Exo with N-hydroxysuccinimide-polyethylene glycol-folic acid (NHS-PEG-FA), enhancing their
ability to target TNBC tumor tissue. This modification not only increases drug accumulation in tumors but also reduces off-target effects, thereby
improving therapeutic efficacy.

Here, we constructed engineered NHS-PEG-FA functionalized Exo for the targeted delivery of METTL3 ¢cDNA plasmids, aiming to treat
TNBC through epigenetic regulation of RPL19 mRNA. The NHS-PEG-FA modification significantly improved the tumor-targeting efficiency of
the FA-Exo, enabling the precise delivery of METTLS3 to tumor sites. By overexpressing METTL3, these engineered Exo increased the m°A
methylation level of RPL19 mRNA in a METTL3-dependent manner, thereby promoting mRNA degradation and inhibiting tumor progression.
This study presents an effective and low-toxicity strategy for the targeted delivery of METTL3, highlighting the potential of epigenetic regulation
as a therapeutic approach in cancer treatment.

triple negative breast cancer (TNBC), m*A RNA methylation, methyltransferase-like 3 (METTL3), extracellular
vesicles, folic acid-functionalized vesicles
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