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[ ZE] B RN E TR ReN 4RI 149K FE i (nanovesicle, NV) XM 4 #4799 (Parkinson” s disease, PD) {41
ZARIFVE BT ik A 1-H 2428 31, 2, 3, 6-PUSUIEHE (1-methyl-4-phenyl-1, 2, 3, 6-tetrahydro-pyridine,,
MPTP) 20 mg/kg HEIEER CSTBLI6 /N, FAL PD /) BB AL, 38 1 2 5 K 3 4% i ReN 13RS T NV (ReN-NV) K 2 AE R
73 BE M B 1 BK Crabies virus glycoprotein, RVG) R B i) ReN-NV(RVG-ReN-NV)HEAT T-Flo K FH #4458 9296 A1 TEAT 9253634k 71>
RIZ B DR A4k, JF 30 I H 9% 5 s G oA I /)N B B 5 X 3k 14 T =0 IR F A B Cyrosine hydroxylase, TH) « /)N i 57 41 i i 4%
Tbal (ERIE, DL SUIR AR X8 TH 1) 2232 s F A 1] G2 BRI Aar U SOIR 7R X320 1) TH 88 K SF o A3 1- 86 -4- 2R S it g e
5T (1-methyl-4-phenylpyridinium ion, MPP*) 1 mmol/L &b ¥ A\ 25 R4 i 8 40 il SH-SYSY , #4 % PD 4H MBI, 43738 id CCK-8
VEAS I A B35 7, FLIR I L6 (lactate dehydrogenase, LDHD V2 VPAik 21 B 5514 , £ 1 5038 B0 2834 I Bel-2 7 Bax [ 85 I Rk .
FER AT HF LI EE R IR, MPTP AL 35 /N UM AT 451 78 785 ORI 4 40 T S T AR I ) B4, S 7 01 4 AR A 42 3 T e B ' T 1l o
G e 7 G (45 R R, ReN-NV BEWS 23 MPTP 5 5 1 /) B HB BT S SUIRAR TH BRIV RR 22 T0 20, I FEAIRJ J5T X 33 Thal 26X
H A RVG-ReN-NV T EE SR HE N E o R A R EDIE SRR W, ReN-NV A LR SUIR A TH 8 1 3R IEKT. R4 S258
Zi R IR, ReN-NV BEUE $i2 7 MPP5 ) SH-SYSY 40 /7, PR LDH B BOKT, I ISR T8 H Bel-2 R38Nl e i T8
Fi Bax £ik. £5i€: ReN-NV Xf MPTP/MPP'i5 3 (1) PD 18 HAT B2 (R4 R Y, B4 RVG BRI — 25 18 o flg 428 1] R4
RO, HHLHI T BE 5 let-7i-5p /T UM 0 B T AR A Ok .
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The let-7i-5p in ReN cell-derived nanovesicles exerts neuroprotective effects via anti-
apoptotic mechanisms in Parkinson’s disease models

WEI Jiayuan', XU Shengye', ZHU Yanyan', QI Cui', YOU Weiyan', GAO Jun"*

'Department of Neurobiology , School of Basic Medical Sciences, Nanjing Medical University, Nanjing 2111665 °Center

Jor Dental Integration Innovation and Research, Shanghai Stomatological Hospital, Fudan University, Shanghai
200001, China

[Abstract] Objective: To investigate the neuroprotective effects of nanovesicles (NVs) derived from the human neural stem cell line
ReN cell and to explore the underlying molecular mechanisms in Parkinson’ s disease (PD). Methods: PD mouse models were
established in C57BL/6 mice by intraperitoneal injection of 20 mg/kg 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP). Mice
were treated via tail vein injection with nanovesicles obtained from extruded ReN cells (ReN-NV) or RVG peptide-modified ReN-NV
(RVG-ReN-NV). Motor function was evaluated by the rotarod test and the pole test, and immunofluorescence staining was performed

to assess the expression of tyrosine hydroxylase (TH) and the microglial marker Ihal in the substantia nigra, as well as TH expression
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in the striatum. Western blot analysis was used to determine TH protein levels in the striatum. In vitro, a PD cell model was
established by treating human neuroblastoma SH-SY5Y cells with 1 mmol/L. 1-methyl-4-phenylpyridinium ion (MPP*). Cell viability
was assessed using the CCK -8 assay, cytotoxicity was evaluated by lactate dehydrogenase (LDH) release assay, and the protein
expression levels of Bel-2 and Bax were measured by Western blotting. Results: The behavioral results showed that MPTP-treated mice
displayed a significantly reduced latency to fall during the pole test, accompanied by an increased total descent time, suggesting the
establishment of Parkinsonian-like motor impairment. Immunofluorescence analysis showed that ReN-NV alleviated the loss of TH-
positive neurons in the substantia nigra and striatum induced by MPTP and reduced Ibal expression in the substantia nigra, with RVG-
ReN-NV exhibiting a more pronounced protective effect. Western blot analysis demonstrated that ReN-NV upregulated TH protein
expression in the striatum. In vitro experiments showed that ReN-NV increased the viability of MPP*-treated SH-SY5Y cells, reduced
LDH release, upregulated the expression of the anti-apoptotic protein Bel-2, and downregulated the expression of the pro-apoptotic
protein Bax. Conclusion: ReN cell-derived nanovesicles exert significant neuroprotective effects in MPTP/MPP*-induced PD models.

RVG modification further enhances their brain-targeting protective efficacy , and the underlying mechanism may be associated with

let-7i-5p-mediated inhibition of apoptotic pathways.

[Key words | exosomes; Parkinson’s disease; nanovesicles; rabies virus glycoprotein peptide

M1 4= A% 95 (Parkinson s disease, PD) X ¥R iz Bil ik
B, R LT A N A A R AT VR,
AR EEALT RS SORIR X . BE AR, m i
R PD I EERIFHR R L —. BEFRIEK, Z0R
A 22 TR 28 0B T AR RAT 1 AR, RIS AL A
it B A, S BUA N E AL AR I, 2 Fh R R 3
A 45 PD K % W3 B0 HAT, PD A
7 E BRI E A e AR B2
EHZ BN FIEES Y SR, ZIIRTT 2 XA
57, KT RCE IR . HEEFERN . —ET 2 EEA
B Te ik g il 1 5 B, Wi PR b 75 AR AT A e %2
EHEA P E R GG A 2 B, AT K5
YER o BAh, T A% % 0 i L S A 2 — R o7
PD J K3z 3k s Flis sl BEAs 14 3071, HAE AL
il I B A e 2 B MR IS B ARAE, LAIZD 2
YA B AT D 7 i 22 B2 5 3 R 38 Bl [ A
VT AE SR IR FC 2R B, AN IAMATE PD /) BB AY i B
B AR E R, P RO I A 5 1R B
B A WA S — K B4R 30~200 nm ] /)N HL 5E
1, N DNARNAEE H RSS2 R AR 10, 9F
Rets 27 325 - B 0o i 90 R B, A AR LE B s
VAT JOE SRR 4R L R 2 AR A A
o B AR P O SRR . SR, AN AE I PR
A N Y R AT T I R AR, DR DR L At A
AP BRI B O IR BTk, ARA
A1 W A R AL 25 A6 R AR ) 2 T RE TR A1 A A ASE AL 494 K
FEi (nanovesicle, NVOAE Sy — i N il 2 (1) 477 A 3
WIBW 2 B9 . Z NV AR [ /MR AT 2855
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- i J e P D00 35, T L 1) & Jd R A R T B, PR Y
RNRARANIAAR I 100 15 . BEAb, S8 B R VL6 & 1
NV B A8 ) kg 35— A R aF e e . R
SIS R U PR HRR A 28 R SRR [ %, B O R
X BRI R T AT D Re B . AR R B AR
(rabies virus glycoprotein, RVG) #& ¥ K7 Jii £ i L
NI —~ 65 kDa ) = 54k [ BPEEE™ . RVG
JK & MRV G SZ AR IR 51 B8 7 51 AT AR 19 | 29 M
FER A R A K A S SR, T 5 AN R SR YR
(R oA S G, S T H AR h 48 R G B I 3 0K, 1
T 52 A 2 5 5 93 2 243 40 I A0 S A A
DAL b, A FH A Ak B A7 A= BRI R 2R PD R AL
ZHRELE IR T B A5, O SR A A . BEA
F W, NV N & & 50/ RNA (microRNA, miRNA) ™,
1M miRNA 7E L4 PD 7E 4 1) 2 Fi i 22 18 47 PE 5 1)
RAFHLE] AR A% EEAEH . miRNA AL AT GEAE A
PD {2 Wrbr B4, B8 17047 € miRNA 0] GE BCH PD
(78 76 VR 97 SEmE . ReNeell VM 41 il (R 3T f FR
ReN 4 g ) 7& — Pl B NG LK 0] o i X 355
(R 2 AH A R, A R0 T 40 B Rs 1, B 7E
K H) AR (545 A 5 75 RE AR 35 155 1) A5 A% 2
M AL RE™ . 4T ReN 40 i) bR 4k, DA R T
YHBEAE PD ¥R YT H 2R B ) R S A R AR
I7 R, AT 5T I B e v ] 2% ReN 4 M R I 1)
NV (ReN-NV), 33— 25 & RVG KB 1fi $:14 RVG-
ReN-NV; 15 Bl/IN 5% 41 BB PD AR A, 7 5 Fh 2236 1)
P R4 AE R, JEAR L H 23 T AL, 9 ReN-NV Al
RVG-ReN-NV 7E PD 67 1 I B S (BT iE o5
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L1 M4

SER Y e BB RL R S R 2 SR sh
OB AL B A2 B CSTBLI6 /1N B, 17 IR 7E SPF 131
B s NAHE BR8240 g SH-SYSY £ 7 50 K 24X
NI T T A 5 B 8 T : ReN 41 g AT PVDF i
+ 3€ [ Millipore 23 7] 5 tdTomato #5 18 [ 4P WA 1A HH 32
LG % 7 2 JM 25 5 B2 Bt Dr Bakhos Tannous $2 44t
B 4 Jifg bk B 98 (B-cell lymphoma, Bel)-2 $i 44 . Bel-2
#H % X 25 1 (Bel-2 associated X protein, Bax) T {4 |
B-actin PUAAK « a- 1 B 5 H (a-tubulin) HLAE S AR 7
2 [ 70 Cheat shock protein 70, HSP70) Hi 4 (Eg 5% 2
AT L FLHECA IR 7)) s RIPA ZEA# . DAPL. ¥
Z IR 2L (tyrosine hydroxylase, TH) T4 1- F J-
4-7K 31,2, 3, 6-PY A MEME (1-methyl-4-phenyl-1, 2,
3, 6-tetrahydro-pyridine, MPTP) F1 1- H 3% -4- 2K L it
WE BH 25 ¥~ (1-methyl-4-phenylpyridinium ion, MPP*)
(Sigma 2 &), F[E ) 5 4 B 74 16 Wi Accutase- I 2~ 1fiL
T B-27. 4 & Wt i A 5 85 3R BE & R WP (Thermo
Fisher 24 7], 58 [E) ; DMEM/F12 £ 77 5 (p st gLk AR
PIEAR AR A WA 71D 5 Bl B 2T 4 40 i A A R 7
2 (basic fibroblast growth factor 2, bFGF2) F13& 7 £ K
[5l (epidermal growth factor, EGF) (PeproTech /A H] ,
2 D 5 /N B 40 il BV2 S let-7i-5p #5484 Clet-T7i-
5p mimic) /)i 5T 40 AR 4 Thal Ft A4 F0 2 it 2
R K 4 2 % 55 [ 1§ -3 (cysteine-dependent aspartate-
specific protease-3, Caspase-3) A (I3 75 3 il 24
FARFAWAFD . 0.2.0.4.1.0 pm R E 2 FLIE
A3 HF B (Whatman 2 7, 9 [E ) 5 CCK-8 Wl 1 12 77
T RIPA ZR I 5t s il 7R 6 A0 5 Dl s A ik
FEH CEEE s REVBARAR A BCAEH
i 7€ BT & (Pierce A ], EED
1.2 Zik
1.2.1 ReN #@jaiEffa il

ReN 4fi ffg 55 7% T DMEM/F12 = f 35 72 o, %
BRI N T 2% B-27 R ABENE 1% H FR-HERH
.20 wg/mL EGF 120 pwg/mL bFGF2. JIT 45 40 i)
BT 37 C5%CO: %M T W - A0 h B 5R £
ReN 4 g 7£ bR 55 57 5 AR T AN AR BR, e
B8 2 R A 185 97 ML(60 mmx 15 mm) 7 4k 4255 77,
FEREFRIE R ARG DL N 8 97 3~4 d )i, WA 4
JEERH T NV 23 8, A 78 b B 7% 1 ReN 20 12 73
FIFTA NV 2752 B 154K 15~30 FUHI40 ..

ReN 4 fifd 734k« F7H 40 J5 1 248 LA 3x10° A em?
()2 FERE AT 24 FLAR N B SR 38 b, 7R AR K R 0k
HRE R 3~4 d ERMEL G . BE SR R IR B i
ANEHERKR TR TR A, 404
1.22 NV#| &Aai 2

B 68 H Accutase 73 B UCEE J5 1) ReN 41 i 2K,
i S A4S B 20 ) 22, 300 g 540 10 min, 1 200 g
50> 20 min, 5§ 10 000 g &5 0> 30 min, 2= BR4H i A1
PEA . AT S MRIKEE 1 um< 400 nm+ 200 nm ]
SRR TG 2 FLISEAT B R 3 38, TR FH 160 000 g 8
B0 120 min 43 B NV, FE7E PBS A LUAH 7] (08 55 0
ST IS, I A NV H 2T PBS o, il i BCA
ENE SR E PR . K545 301 NV SR FH 94 K50k
ERER 73 HT 2 4t (nanoparticles tracking analysis system,
NTA) (Particle Metrix GmbH 2 & , £ [E) 5§ NV (1] #i
PR B AT 78 B 1T
1.2.3 PDRRA #Z 5 falp 20 40 32

SRR ;% ] 8~10 A % 1) CSTBL/6 /N, 18
I I RIS 20 mg/kg MPTP, 445245 5 d, Mg bk
PD /MRS

Oy AR 3 N MR IR 1~2 5, BERL Y 4 A
(n=3) . D Control ZH : 1 1 [ Bt M Jis 7 3 20 mg/kg
PBS; VAT B T 1.3.5.7.9 d JB i ik VE 5t 100 plL
PBS. (@MPTP+PBS 4 : JIF i1 4 20 mg/kg MPTP itk
BT BT 103054729 d B # K VE 5 100 pL
PBS. @MPTP+ReN-NV 241 (MPTP+RV 41): I 5 &
% 20 mg/kg MPTP &G BL; VR I B T 1.3.5.7.9 d @
i K E B T 100 wL PBS (1 100 pg K 4 15 1
f\] ReN-NV. @MPTP+RVG-ReN-NV 41 (MPTP +
RVG-RV 41) : B8 15 1 5F 20 mg/kg MPTP it #; VA 97
BT 1.3.5.7.9 d BEIKIES S T 100 wL PBS
f11 100 g RVG-ReN-NV. 15 d J& #E47 O R HE I » U
R IMTE KR F o Bh)SEas D3RS r R RER
SIS EH YIS PR 53 S 4HE (45 TACUC-1601153.
TACUC-2303006) .
124 #45%H

FEREHT 3 d FFAR X/ BRUEAT I8 R IR, B R
WIZR3 U, IR 10 min, {5 7)> BRL AR S B0 A 058 K i e
BEAERFE . ARG 55 1 KT IERINK . 5256
IR /N BB T A b, R G FE ¥ 4 v/min,
I 3BT 0 22 30 v/min, JHIE A 20 v/min, B0
I 1E] 24 300 so i/ B E e B b 4 1) S5 N TR o
g R /N BRZE SR 3 9, A DA TE] S 30 mine fx
LAY 3 IR ES BT B AE %/ BRI A R S B
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FEASEHT 3 d FF AR/ BRUEEAT 1 R IR, B R
WIZR3 U BEX 10 min, AR ERIE . SKiede
BN 1K 60 em. F42 0.5 em [T ELARFT, A9 4T TH
Ui A AR 1.2 em FIERIE ISR . 1 IR, K/
B Sk AR EA b B T EROE SR TS, 10 5% e B A T
€ 25 e i 5 b BT 75 A0 e I ) o A /N BRI 3 0%
A5 VI 18] B 30 min, B 3 YR 45 B (1P 318 1 A i
LR AT S 1]
12,6 #IERAEE

SNHIFFE NV ZE /N BRI L 4P 1) 5 7 e He 5 AN [
S M S AL 00 &R I R B IBKYE S B td Tomato # id
NV ELRVG-NV. BREE/NER, F 074 (1) PBS BA A H
PBS [iC il 1] 4% % 28 W % (paraformaldehyde, PFA,
pH 7.4) O ETR o« VEE VLS UK 4 2R 7E 4% PFA Hi
TIS L, 1 30% FEHE W 11 7K 48 h, 18 i 2H 2RI
Ja L OCT B3, K V) AL i) £ ]2 E 25 pum UK
VR Fr, —80 CUKFEORAZ A FH o 5 i 2H 2 UKk
PI B T & H 0.5% Triton X-100 ) PBS H1, # &
i & 30 min, B J5 #£ 0.1% Triton X - 100 [¥] PBS
(PBST) L il 1) 3% BSA F1 414 2 h, I —+HT(TH $iT
4, 1:500; Ibal PifA, 1:1 00004 CHEF id % . PBST
TE B8 3K, B S min, FESID 90 Qi 2E 90 % 91,
1:500; W EFBR =HL, 1:2 000 EZIR FIHEE 1 h
J&i » PBST i 3 3 Y, B 4% 10 min, # J5 F DAPI 4 1
5 min. PBSJEYE3 Y, RS min, HihE F. X
R T 8%, IFH Image J #4770 #7 .
1.2.7 & &R %% fP % 5% % (Western blot)

LR 7E XA [F] 41 (Control 4H . MPTP+PBS
4H .MPTP+RV ZH A1 MPTP+RVG-RV 41) /> i A&k 3
15 d &, /I BRUBRIE PRI TSI EUG % ok 1 B SR
RH LU RIPA 2R, 7873246 5 LA 12 000 r/min
4 CE 0 15 min, U FIE H BCA 75343047 8 H Lk
FEME o W B0 A5 2 O R BRI
#1186 B ERE R, 95 CCA& 10 min, A . 7E Bd
U 1) SR VA 0 T e 4 B 5~20 g, SR 80 V HE
&, A8 453 85 FRE S CE IR 40 s IR 4, A5 1 0 3R )
B K r IS R 2 120 V, R B Uk, H ARG IR
BERIRHES . KRG, HEAHE 2 PVDF K
L HERAW)E, 03 ATERE L1 he 4 PVDF JELE
R RS RS N N WO = /4 & i - A A |
fE—PL(TH Hi4A, 1:2 000; B-actin JLAA, 121 000;
Bel-2 HL4%, 111 0005 Bax $L44, 121 0005 a-tubulin $T

4,112 000; Caspase-3 Hif4, 1:1 000; HSP70 $4%,
1:10000F 4 CHFE LR . WHHHEH 0.1 % Tween-
20 [ TBS (TBST) i ¥ i 3 VK, £ 4K 5 min, FHl 1
(HRP #ric f Ll 2240 4, 1010 000) F iR R i & 46447
1 h, FI TBST %3k 3 4K, B IK 10 min. #5438 A 15
7 7E i 5 ) ECL high-sig Western blotting substrate
12 4%, #] FH ECL Plus detection systems & 5 , 31 F
Image J K7 HT .

I A o < P WS 1) % G NC/let-7i-5p mimic £
i AN [F] 4b BE (PBS 8% MPP) ) SH-SYS5Y 41 ffil, i PBS
T VR , NN S B A A0 I 2 O N R (1 18
I FDLE VK 2% 30 min J5, % 1.5 mL EP %
H, 4 °CE0, 12 000 r/min, 15 min. HU_E3#, I BCA
THEATE AR E . A PRE Bk —E.
1.2.8 mfpdifasrn

¥ SH-SYSY 40 i 55 7% T & 10% figs 4= 175 1)
DMEM = #% 5 72 2 b, B T 37 €. 5% CO, 155 7%
FEN o DN T @A PD AR AN AR B, {5 AS [ 94
J& (0.25.0.50+ 1.00 2.00 mmol/L) [ MPP* 4t ¥ SH-
SY5Y #Hifi 24 h.

N W B ReN-NV TE 44 41 1) B 32 0 & £ 37 1E
5 ¥ SH-SYSY 4t i BE AL 53 4 3 25 : Control 4H , 4]
IR 5 55 9%, A g TARTRR IR AL 38 MPPP A, 45 T
1 mmol/L MPP" 4k 24 h ¥ & #5147 B2 & ; MPP'+RV
Y, 7E45F 1 mmol/L MPP AL EE R [RIE, AN 10 pg/mlL
ReN-NV L[] & 24 h.

N B Tet-7i-5p I BTIH T2 /E T, ¥ SH-SYSY 41
JiBE AL 4> A 4 2H - NC 2H « Mimic 41 . NC+MPP* 41 .
Mimic+MPP 4. 45§ SH-SYSY 41 Jiil it & & 409%Ff ,
# Z R E 5 min J5 [ Lipofectamine 2000 73 %l 5
let-7i-5p NC mimiclet-7i-5p mimic Ji& 27 C8 YLk J .
50 nmol/L), ZEEMMATCIMIE TR EE N, BFLINA 2 mL,
37 C.5% CO. W48 N ¥ & 4~6 h J5 BN IEH &
ME R IR %L, B YL 5 24 h S I 1 mmol/L MPP*T-
124 ho

BV2 il ffd K F DMEM 3 77 B85 7%, $5 72 He b &
10% 164 L3 < 1% T %% % -5 5 2 (100 U/mL) XL
. M0 E T 37 °C.5% CO, 11 7% 46 5 iR 1
F%, R ERKIC A 2 70%~809% A A 2 Fh 4 i .

B let-7i-5p P ACRENE FH , s BV 2 ZH BB AL
43 N4 4:NC 41 Mimic 41 . NC+MPP*ZH . Mimic+MPP"
M. FRAIALA 2 40%0), =R E 5 min 5
Lipofectamine 2000 73 %] 5 let-7i-5p NC mimic- let-7i-
Sp mimic VB 2] CEE LR i 2 50 nmol/L) , 2212 AT
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MERFRIEN, FEFLIIN 2 mL, 37 °C.5% CO. [H55 77
FAI I 4~6 h J5 F 30 IF & & (i 55 77 0, B e
5824 h J5 I 1 mmol/L MPP %24 h.
1.2.9 CCK-8 % JLE: B £ B8 (lactate dehydrogenase,
LDH) ik 460 4m it & 7

CCK-8 ikl A 3% /7 - £ 96 FLAR & L HEFh
100 L SH-SY5Y 4t i 2, 40 H % 55 °H 109%~30%
Ry WG BE J5 2 G AN [ J5URE, BE 5 0 1 mmol/L () MPP* ik
P24 ho EBEGKAT FAREFLINA 10 L CCK-8 ¥
T, /INCORE S JE LB T 40 B S 32 46 H 30 min, 7R
450 nm P SRS 6 BEACI 8 TR G AE

LDH 580k I - K 48 i BA 5% 10° A /mL Fh i T
96 FLAR H, B A LA H N 100 WL 55 77 W, 7
37 C~5% COL I FEE 1 20 35 7246 H 5 9% 30 min )5
2 A7) S U I P USRS L1 TS R 80 L, A AL
BN 40 L. Working Solution, = iz B Y6 H% & 30 min.
£ 490 nm P ACAL AL RO A, T E 40 A LDH B
TR
1.2.10 E3e k2 R A B4t R (real-time quan-
titative polymerase chain reaction, RT-qPCR)

VA Tet-7i-5p /1N B 0T 4H AR TR IR 25 1 82
i), 5% RT-qPCR A BV2 40 g v 4 55 51~ 9 40
4 % Cinterleukin, IL) -6 #1 IL- 18 f mRNA # it /K
o B AL g0 M ) e B NC X let-7i-5p mimic, 5%
B¢ 12 h J5 , NC+MPP* 20 F1 Mimic+MPP* 40 in A\ MPP*
(1 mmol/L) 4k SE AL HE 24 h, LI, PD AH 5 4 RE A
5%, NC 4 A1 Mimic 24 ) 0 A\ PBS /E Ay X . {3 A
TRIzol i 7 $2 HUE RNA, 38 i 4 06 6 FE 1H 46 I
RNA 3R NGB o $2 BRI & i B 06 2 RNA
1% 5% 535 eDNA, B J5 K FH SYBR Green 72 75 SZH 5%
JE & PCRAY AT 38 s .. L GAPDHAE AN
Zx, FLRI R AE X 208 /KPR Fl 2744 7 AT TH B
S0 B A A S A R TP AR 1.

&1 5195

Table 1 Primer sequences

Gene Primer sequence(5'—3")

F:UGAGGUAGUAGUUUGUGCUGUU
R:CAGCACAAACUACUACCUCAUU

let-7i-5p mimic

IL-1B F:GCAACTGTTCCTGAACTCAACT
R:ATCTTTTGGGGTCCGTCAACT
IL-6 F:TAGTCCTTCCTACCCCAATTTCC

R:TTGGTCCTTAGCCACTCCTTC
F:AAGAGGGATGCTGCCCTTAC
R:TACGGCCAAATCCGTTCACA

GAPDH

1.3 %itF 7

1 GraphPad Prism 10.1.2 K 44 X 52 56 2 4 8t
TG AT B0 FH S E PR UEZE (3 2 5) Rom. A
[ B8 LG S ] Student” s ¢ K656, 22 28 18] B4 EE 5%
FH BRI 257 22 43T Cone-way ANOVA) BYUXW R 27 2
73T (two-way ANOVA), If:H Tukey i AT 5 Ji5 2L [H]
PIPIELEL, P < 0.05 NZEFA G HEE .

2 % R

2.1 ReN-NV Z RVG-ReN-NV #9432 4§ 1 55 2

N HIHH ReN-NV A2 RVG-ReN-NV [ 3 A4 P 4
Ve, T TS FERARME . @I E B R
BE AL, PR P R v 1) S A TR R MO EER I &
¥, A A AN FEI TS SRR E . 3 —2Dalit NTA
e FRAZ A0, £5F 27K, ReN-NV FIRVG-ReN-NV
FR KL A7 I A 3 4 TR ZE 100~200 nm (B 1A B) . iX 46
Byu R B, B gn BB IR R h ] & T B b e
FHRFERI NV, 22 RVG IRIE /5, 91K 0k 22 1 H
o G MR SR 2 35 (I 10D, B RVG 19 51 i 0k
FAM 7 LY O, R S M R AR T B O, $E R
RVG IR TE AR R « A VPAL AR P 43 A7 r
P, B RO BB EE T AN [F) b B AR L AE /N B
BIREPRAAMARE. SRER, 5PBSUHKLAE
i) ReN-NV ZLAH L, RVG-ReN-NV 276 /)N 5 i 41
A R 225 B ROGAE SR B T A P8 AR i X
L AR A E I BA5 5 (E D). ZIMERERN, &
RVG K& 5, NV 28 3 110 B B 14 66 7 &5t 35 38 o,
AR E ST S. RAEFT A R ERT .
i 5 4 B SR B — e R R AR S A,
RVG-ReN-NV 7 [0 30 I AR HE 5 5 5 32 3 i oA
ZH ), UE B 2 A D0 S 1 i B 1 3 16 208
2.2 RVG-ReN-NV 7T & %k & & MPTP % F 49 PD /)»
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A: Representative light-scattering snapshot (top) and nanoparticle tracking analysis (NTA, bottom) images of ReN-NV, showing a primary peak

size at approximately 113 nm. B: Morphological and particle size characterization of RVG-ReN-NV, showing a primary peak size at approximately 122 nm.

C: Comparison of zeta potential between ReN-NV and RVG-ReN-NV. D: Evaluation of brain-targeting efficiency of ReN-NV and RVG-ReN-NV following

intravenous injection in mice. Photon represents the number of photons emitted. In the figures, the ReN-NV group is denoted as RV, and the RVG-ReN-NV

eroup is denoted as RVG-RV. "'P < 0.001.
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A: Schematic illustration of the experimental design showing acute PD modeling via intraperitoneal injection of MPTP and subsequent tail vein
administration of nanovesicles. B: Rotarod test showing significantly reduced latency to fall in MPTP-treated mice compared with controls (n=6). C: Pole
test showing significantly prolonged total descent time in the MPTP group (n=6). D: Immunofluorescence co-localization of RVG-ReN-NV with TH-positive
cells. TH immunoreactivity (green) marks tyrosine hydroxylase-positive cells, RVG-ReN-NV is visualized by red fluorescence, with nuclei counter-
stained by DAPI (blue) (n=3). E: Immunofluorescence staining of the substantia nigra in control , PBS, ReN-NV, or RVG-ReN-NV treated mice
following MPTP administration, showing TH (green) and Ibal (red) expression, with nuclei counterstained by DAPI(blue). Scale bar: 200 pm (n=3).
F: Quantification of TH fluorescence intensity in the substantia nigra. G: Quantification of Ibal fluorescence intensity in the substantia nigra. ‘P < 0.05;
“P<0.01 and P <0.001.
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Figure 2 ReN-NV and RVG-ReN-NV can alleviate the damage in the substantia nigra region caused by MPTP
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A: Immunofluorescence images of the striatal region after MPTP administration, showing TH (red) and nuclei counterstained with DAPI (blue).

Scale bar: 200 wm. B: Quantitative analysis of TH-positive cells in the striatum. C, D: Western blot analysis of TH expression in the striatal region and

corresponding quantification, with B-actin used as the loading control. "P < 0.05, "P < 0.01,and ""P < 0.01(n=3).
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Figure 3 ReN-NV and RVG-ReN-NV could alleviate the damage in the striatum area caused by MPTP
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A: Morphological changes of SH-SY5Y cells after MPP* treatment (X100). B: Relative cell viability and relative LDH activity of SH-SYSY cells
treated with different concentrations of MPP*. C: Relative cell viability of SH-SYSY cells co-treated with ReN-NV and 1 mmol/L. MPP". D: Relative

cell viability of SH-SY5Y cells transfected with various miRNA mimics and subsequently exposed to MPP*(n=3). E, F: Protein expression levels of Bax

and Bel-2 following overexpression of let-7i-5p. G, H: Protein expression levels of Cleaved Caspase-3 following overexpression of let-7i-5p. I, J: The

expression of IL-1f and IL-6 mRNA in BV2 cells after transfection with let-7i-5p mimic(n=3). "P < 0.05, P < 0.01.
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Figure 4 ReN-NV exerts neuroprotective effects in vitro by delivering let-7i-5p to inhibit MPP*-induced neuronal apoptosis
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