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BERKWME R R, ETi, AR —FfiE
o LS 1) 288 R 5 SR TR R IR T RE RO BT BIIR T &R
gt, CHBUNEBCS R W RE PR K

HAb K AF Bl (transforming growth factor-fl,
TGF-B1) & —KHA 23wk SHLUEE HE
DR a4 jL X -, nl ok 40 o] 42 4% 4 B DR R
B R A A A I BT AR B A R AR LA K 2
R 05 3 B A W S5 2 i A R FE A A AR AP RO B
TRASYERFAE I V70 SR, U7 RS TGF-1 Rk 4s 2517
TEVRN R AR I 24 Wk P ISl R Rl =2 g kA 5
PR RS R IR, I R 132 3 1 & 2y
ZRIAEYZRGNIG K, TAEISE B 4 fEE 0 A= 5
Wk A AR P TR E A B S5 A S T RE Y, ek
AR R HE TR R B AR . R iR R S A
BT YR EIARRm, W T TA BRI SR 1A
Yithae . REFFEUESE, i/ MR AR I 5 2R3k 1Y P
PEHE R (P-selectin) . # & 11 Ib Il /N A 2 K o
(platelet glycoprotein Ib alpha chain precursor,
GPIbo) M # 42 (integrin, G olIbP3) 25 2E W4y
1, B BRI AT LA N K B RE SR B IR A T
R, P kB R MR AR AK 1 (P-selectin
glycoprotein ligand 1, PSGL-1) . L% Il &2 &
F (von Willebrand factor, vWF) K4 Jifo 1] 28 B 43
F-1 (intercellular cell adhesion molecule-1, ICAM-1)
RARGEMIEE 2 B/ MR R i 2y
930 h, A B FRESE B 35T il VR 2 T 3R
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ShrEY), SRR E S M EN o
(signal regulatory protein a, SIRPa) & 4= 4 H.1F
FH, SN B B e REERR Y. XA
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ST A DX IR st 26 %) DRI LA K SAE TR B
S AeE, ABFFEREE 1 i/ AR 1 Y TGF-p1
i 2 g Bt 48 oK K +  (platelet membrane-
camouflaged lipid nanoparticles, PLP). %154 44
K- 15 ) L IS XS 2 457 G 1R Bz 0 2 B B o 14 R
SREGRM R, S it i kP S S ), [ ERE AR
4 17 TGF-B1 By S i A BE S I D RE , DAl 428 fii

HAR IR LI REIKE . ABF9E T M1 Al
F AN i b AL B R AN BV2 . SH-SYSY S b3 35/
# 7 (oxygen glucose deprivation/reperfusion,
OGD/R) it ) R G vFAl T PLP 9 e 4 15 15
PGP ROCR IR/ BURLR M RN b 3 ik B 2
(transient middle cerebral artery occlusion, tMCAO)
BAYPIOE T HXIRE AT . SRR | e
JHIOE AN 24T M2 R I MGEE R . A5 5R WoR,
PLP 4324 05 Zefift 1 ISHid)s, et v sk it S 1L i
WA, IEEET T/NRIM A IIRE . 2R R 1 1%
S8 3TN PR T A I P R VOB i e
SRR, AIF R MRS s S e e IR TRR Y
BN AE IR R T AT AT RO BOR AR S
() SRS -

1 HEST®

1.1 w8

AT 5 T FH 04 i AR R RO ok 11 )35 5047 1
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FHOCZE WP S 8 AE 4 A T Z UL TR bR AR
¥, FFAESCHRTP X S S E R AT ], BT B o
5 ¥4 B rp R BN e AR 5 B S 50 sh )
PEZE DS HEE RS B MEN (YSB-20250624-PH-
A4091) HEAT. RRETMRL . B A e iR K A= P itk
FERREUTF .

TGF-p1 48 ffl Bl + 1§ H MedChem Express
(Monmouth Junction, NJ, USA); 1,2- — ¥ f
ft-sn-H Jh-3-8% B2 A0 & (DPPC) , fH [H [
(cholesterol) , i ig - £ — % (DSPE-PEG) ,
2,3,5- Ak = E S A M (TTC) W A Sigma-
Aldrich (St. Louis, MO, USA); SPF %% C57BL/6
AN, 6~ JEIS, W A AR TR A )
L CD86 &, CD11b¥HiiAk, AnnexinV/PI 4 fifd I
T f 3K 1) & 1 [ BioLegend (San Diego, CA,
USA); DiR EYLRIIE F 138 = KA YR By
AR (FE); GFAPHLIAN H Proteintech (H
) ; WfRihErhik (PBS). DMEM K553 | JokH
DMEM #5558 . R4RIE (FBS) . HaR-BiH R
W IR A 1 3 GIBCO BRL (Grand Island, NY,
USA),

1.2 PLP W& 5RAE

BN 4L, 100g 2.0 20 min, 43 & H & I

AN s FELAAR TR B O AR AR B, 3R A5 i/ MR T
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FRnE, % TRAENERETF P10 E M/ IMRAK FRIEE )56 T R 14 R 2< A 1699+

W, FE FWEWE A 1 mmol/L EDTA PBS H &,
-80°CY¥ ke iR, R 3K, K5 LL4 000g
B0 3 min [BEDSCIAL/INR BEUTIE . BT B R T 2
Tk, E T R B, R AR
(42 kHz, 100 W) ##H754bHE S min ARSI A Bt o
RE BRI, 3 PG B BE AR L T35, e
I T4 b, JERCT IR TR FA 2 ml
PBS /- Hig B, 65°C/KIA T RV HIE i L (A
MR, BES S S EOT R TRRL S IR AR A
BI5ivk . ¥ TGF-B1 S/ M AREE IR &, #AE
B A DiR e}, % ANRITIAST 8%, 200 nm/
100 nm [ FLARELE B & 101K, FAFRiFE I — |
FETH B 1M/ 19 PLP 4Kk, BUEUE £
RYEL, 4°CROGAEAE . T Zhe B -2 N
Ias Wk B BE B R Yk 15 (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, SDS-PAGE) “£
FE RS ER 1, (R SCREAR [ it PLP (R4
G3A. zeta FUAE, T P L S AR SR PLP 1Y)
WOWIE S o >k % 91 d 7 B 388 (transmission
electron microscopy, TEM) W%< PLP fOMIE S,
o T R D) 2 2 el XU T MR e S . AR ARk
ST R I ESOE : BUPLP W (4510 g/L PLP,
1 mg/L TGF-B1) & FE.LET, F37°ClEEER.
FEFUE RS (1, 2, 4, 8, 12, 24, 48, 72 h)
BRI AN SR E A 0T, 380 A AR S5 W B 43T
(enzyme-linked immunosorbent assay, ELISA) i
FR G A B Y TGF-B1R B
1.3 {k5MEAESRIS R
1.3.1 MBIV 5T 4 bAoA 7Y

SAAUL B N FE T 5 | A A 28 RAE TSR I
TEPLP e A28 250 B, ASHIF9Y R H OGD/R J5 i
P BV2 IS fb o KB K BV2 41 L
EEE AT 24 fL0, FRATIGRESS, SRR
AREFRAEL, PBSPEUC 11K, S5 JCH DMEM K
FRIE, BT ZAKFEM (0.1% 0,. 5% CO,. 94%
N,) H# T OGD AP 4 h, BrAE LS, U2
i, EH RS ARFEMEPLP (5. 10, 20 mg/L) 1)
SERRE IR, B TR AR IRAE T R A IR
24 h, AbBRZEHSUCSEANE, BB UL IC
CD86 HLiA, 3 ik vt =X 24 M A Al CD86 FH 4 24
L, DATTAl M1 Y /N J53 40 A i A A 7K SF- S PLP
IR R .
1.3.2 M1 E WA i A s 75

BOGHECAE R A /D BB B W 20 i RAW264.7

MLFR, DL Sx10* /AL 0 % B 2 Fh T 24 FLAN M 35
Fitl, BT 37°C. 5% COEFA T E 24 h,
0 B Bl A B Gk 70%~80% Jm #EATIE S . AR R
A E R, B A 1ml F iR £ b
(lipopolysaccharide, LPS, £ ¥ B 100 ug/L,
Sigma-Aldrich) (1)1 #f DMEM 15 32 3L, 4k&® T
FHFIEE IR 4 F A 24 h, 1555 RAW264.7 41 i)
M1 RIS RE MR AL . 5 A5, @l it i
RIGUEA TR FFRERIE, I PBS PRk 2
YK, F4/80, CDI11b, CD86HL (il M1 Al fb% .
4 PLP L1 10 mg/L 2R EE I A BB F- 2, 540
MU 24 he
1.3.3  SH-SYSYZ#iffiOGD/RAAY

e A 2B R A0 (SH-SYSY) My %
B, OSBRI, DL 2x 10 /HL3EFT T 24
bR, HAL1 mlEFRE, 37°C. 5% CO,M¥F 24 h
Z G B 70%~80%. LA 1 ml JoHE DMEM, #%
& 37°C. 5% CO,. 0.1% O, K& R34, OGD
AbFE4 b, AR . OGD 4R )E,
BERE SR, PRI R A 2, AL T mUEr
i I E IR, WA IR AA T 24 he T OGD/R
APREE S ST RV T AT, SERT Ao A T
PR J5 A8 2 R, T RS HETEAS PLP 11
B 4 PLP LA 10 mg/L (9240 BE A BI85 53
Serp, S0 ILIEE 24 h, UK EE K4 SH-SYSY 4
Jid, % Annexin V-FITC/PI X Jt ik, 43351 & ik
B AL, SRS B SRR T ai e L 5, b
PLP X} OGD/R # 2ot 8 1= B4 Hl/E H
1.4 /NREEEM-BEFE (IMCAO) #EBIET

ANERZE S UBE RIS, I EME 2 T TR
7, TR IEEE ISERIE IR ER, E
FHM#E sk (common carotid artery, CCA) . #i
Ik (external carotid artery, ECA) 50N 3l ik
(internal carotid artery, ICA); %5+l ECA 1t.(» ¥,
£ CCA T Uit & Bh ik Je, F CCA 43 AL BT —/N
F, df A IR Z e B4t , s
ICA BN ; Sl | h Je 4R BRZete SEEL M, 1
HMCAORIAY, 285 KRk, /BRI 8 4]
It MITARJG 2 h AT REEBIIT 4> (PR DI RETT
/7 (neurological severity score, NSS) #-4)) Bk
BEALF ) o
1.5 KRBT SRAITER

FEVRTT IR 5 3 RAGE/INRR, PRt sk B .
Wi A 2] A L R e R VIR S B (g R 24
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2mm); B R TR 0.5% TTC A FEER /K 1 Wk Y
Rigelid, 37°CHHEIRMFH 10 min GEEYG), Hifalg
BRI R R OR g s eEZ s, 4% %
F B 22 20 min.

U A 20 28T 4% 2 BB E Wb,
4°C [ 7E 24 h, B A 30% REBHAIA W, 7E 4°C okt
IR 48~72 hIBF MoK o JB7K 58 i e i 4 21
W, A OCT 5], —80°CHLH ¥4 1% 30 min, [ifi
JEEYI R MLV 10 wn TR F-, R 22 56
ARG ENRIL A . PBSUERIT, L) 5% BSA+
0.3% Triton X-100 9 3F R P 1 he DL P A
B (1:500) MY—PLAE 4°CREEEF 1%, W HH
PBSWEW 3 WK G, EiRME DL =4 (1 : 500,
PBSHiRE) 1he i FH & DAPT B FE JGRIES 7% e
OB RIS, TESO6 WA T,

1.6 XWESHSSFITEIN

% H GraphPad Prism 5 Origin #4751 7 54 b
M, Z4 A BRI R 287 (one-way
ANOVA), MW HLHCR A LSD-1 k5, P<0.05 k2
SEAGIAE L,

2 & R

2.1 PLPHYIELIERT. FREM SEMEHE

M /INHR RRAR B T T3> A KR AOR R 0 - b B
ISHRLEINAS N R AR ST, 2B As 45 G 8RR EAR
RARRE IR T 1/ MW AR 1 7 28 3R T ) 15
JE 28 AR AR AL -5 B T2 045 1
/IREAL Y TGE-B1 AR B4 K ks, Jfil i SDS-
PAGE 73 B AN [A] o Bt A L/ MR B 1, A
BREMCE CDAT, AR K F CD55, FMAK
Wb A YHNEI N T CDS9, 4 F allb, o2, oS,
a6. Bl. B3LLLHEE I Ib (platelet glycoprotein Ib
alpha chain precursor, GPIba) . IfiL/NHEEE H IV,
V. VI. X (platelet glycoprotein, GPIV., GPV.
GPVI, GPIX) . C HU ¥t Z#EZ K 2 (C-type
lectin-like receptor 2, CLEC-2) %5 5% il & 1 78
PLP bR BAMEDL, 45 R7s, PLP 5 R/ MR
WREAE AR 3 s —3 (K 1a), BET /MR R
LSBT TR AR, il H3hEOGHE
S5 PLP 75 PBS Z2 iR R R ), 4R
/N, PLPURMRE) )12 BAR 292 190 nm, RLAR 5310 AH
it 4 v H AR T 50~200 nm (4 5 FH 49 K 28 4 7 Bl
(F 16), ZRAT A B T RERAE R[] B R AR
MR RGIERRE, IR SE 9 R IUR AR AR 4 2

& 4, DT A R 5 22 0 AR N 3% 5 4 408
%P zeta WA TS R Bon, PLPAH A AN
-21.83 mV YR AT (Bl 1c), PR IR
R, AR TR P AR 7 i AR e
PEBS FRF B ARSI (K 1d) RS,
PLP 2 ¥ — 3K B4, H R 42 5 20 & 6 8
(dynamic light scattering, DLS) % f{) 45 R —3%,
FW PR B G AAR R BA RAFRIE SRR E I 52
TR

E— 25 TEM SLEE T AN [R) 9 K ks i) B 35
(Kl 1e), il & 25 (1R BT 48 >k k. 7 (lipid
nanoparticles, LP) 5 PLP#JEHSIFIIE . Sk
AL B R BORL LP (Rife (158.33+18.91) nm,
1) M, WEENPLP KA, N
(172.17£11.29) nm, WESE THLE Y. (5
Y42, DLS 45 PLP -39k 42 (£ 190 nm)
WK F TEM Geit 5 ki g 5 . Xl T
DLS I £ 7 /K A0 J2 B 11 2 1 ) i iR 8l 2 .
2, M TEM TSRl REE ORISR . Bds 345 B
BT PLP AEARLRA T (S5 HIRRE B 5 R 3 i
I ZH ZGE F FER AR S B IR T Y, 1
pH 6.7 I & FF , IRAMIFFE T PLP 44 K UKL
TGF-B1 (BRI . 72 h N, PLP ¥ TGF-B1 i) &
RS 2920 74% (& 1g), R PLP REASAE Sl Ifi
kAL S SR . ik, B PLP B
T 10% FBS () DMEM §; 3556 rp Wil T PLP
TEAEMMEAH TR bR S 208 ER
(polydispersity index, PDI) ZZ4k . WM& 1h o,
7 72 h WAL ERAS A PDI 9§23, A HEE
A () RO LS, Ui PLP ZE LRG3 Hh 2
HRE.
2.2 PLP HIEIMTRL
2.2.1  PLPXFMIRY/ N B2 A i sl 454

JINIE I3 A0 s P R R 22 2R G 1 2 e U 4
L, TGF-B17E M2 %) 3= L2 Tl 2 5 e
Wefk K deFran A7 15 . E AR R, 1
OGDIREE R, KM (0.5~5 pg/L) A2 k&4
s S A/ IS B A L A HEHT 7T, 1T 10 pg/L TGF-B1 0
AE 5 M PR A0REYS . HAROB D IRHRLR, {2
HPLR R AL BV AT E T PLP VR B A B
(5. 10, 20 mg/L, ZE%L5. 10, 20 pg/L TGF-B1),
A3 OGD/R JG I BV2 4iiffl . JixCHiMIAR S R s,
PLP Xt M1 24 BV2 B4 i/ FH 22 30 B 3 1% 590 A4t
PE(E2), MRS 10 mg/LI, PLPEML &
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Fig.1 Characterization of platelet membrane—camouflaged lipid nanoparticles (PLP)
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(a) SDS-PAGE bands showing that key platelet membrane proteins are retained on PLP compared with native platelet membrane. (b) Size distribution
of PLP determined by DLS, indicating a mean hydrodynamic diameter of around 190 nm. (c) Zeta potential of PLP showing a negative surface charge
consistent with good colloidal stability. (d) SEM images demonstrating that PLP exhibits a uniform spherical morphology at the nanoscale. (¢) TEM
images of LP and PLP indicating the successful preparation of PLP. (f) Quantification of diameters of LP and PLP. (g) In vitro release profiles of
TGF-B1 from PLP in PBS at pH 6.7. (h) Stability of PLP in physiological conditions (DMEM+10% FBS) characterized by size and PDI changes over

72 h.
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Fig. 2 The concentration of 10 mg/L PLP can significantly mitigate OGD/R-induced BV2 M1 cell ratio
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FHHEE PSP RACE . ik, LL10 mg/L A~
iy 5w v AR TR
222 PLPIA¥E E Wi Mol b I 45 sy e s
ISKASG, B E WA 2 kR AR I e ik
S M1 S8 e 553 BH RS20 GUB A2 I i3 S8 i ok
o HUEYEFHT, TGF-B1 AJ LIS g 40 i ) ¢
REEAY, D790 SR PLP XS S 09 M1 AR 1k,
E AR AR, ASBESE R LPS 755 MO U
RAW264.7 i il [7) M1 R R4k, I i i =X A0 e
ARSI W 4 il CD86 5 CD11b X FH 4 41 i L 4]
VAL PLP 76 B WA i R AV Ak b R AR A E I . 45

(2)

IR, RS RAW264.7 40l , CD86'CD11b*
Y L5 23.3% (181 3a), FR3R MO AU W2 it 7
LKF4:100 pg/L LPSHIP 24 h )5, M1 B AL i
FHuR, LPS Ay BAPEZE A L) T2 50.0%, &
AR A T A MO B AR A AR AR 5 2205
FHLPSAIAHIL, PLP1-#ilj5 CD86*CD11b 4 fifl Lt
IFEAR 2 34.8%, #BAMEXT BEZH T RE2930%, I
HAA BENMRIEFIA B FIE Riefads. %
L5 RAUESE, PLP Al A Rl M1 R B 5 40 ik B2 A
b, MIHAEISTRYT Th & A 4 JOE SR A T 20 2
AR

Control LPS LPS+PLP
0.050 233 0.15 0.34
el
o0
a
&}
1.59 75.1 4.16 45.6 9.67 55.2
CDI11b >
(b)
Normal OGD/R PLP
2.72 345
= s
> y
= 4
ks
=
]
<
PI >

Fig. 3 In vitro anti-inflammatory and neuroprotective effects of PLP

(a) PLP significantly reduces the percentage of CD86"'CD11b" M1 macrophages compared with LPS-induced M1 controls. (b) PLP markedly

decreases OGD/R-induced apoptosis of SH-SY5Y cells compared with the OGD/R group, while the Normal group shows minimal baseline apoptosis.

2.2.3 PLPs/POGD/RiFE S HSH-SY SY 4i L i 1-JF
DR Al PR EAE S

SRIFET S, pheocgiae s G AR . £
BRI REREAT RN 2 F AR ZE0L, B BOL b
IH TS ZE (reactive oxygen species, ROS) Z& &
T3P A0 O A0 T B A R s 0 it — R
TF PLP ANl 4% i A i A 58, A 5244 2 OGD/
RALPEAY SH-SYSY A M AE R 1, AP e 1ff -8 112
its, ARSI AR T 2 PR LD
K H Annexin V/PT XU i 20 AR A PEAL 20 g 8 77K
o BERFEW], IEHW A (Normal) 2 ffd 8 1= %4k

TRARAIFELL KT, (R 2.72%, FRIAGIELEIER
B R TR R AAEIRS (BI3b) . 55X
ZHAALL, OGD/RABLAIZHJAT R & T+ 28 34.5%, X
i 22 S5 2R B2 ARE TR0 W S 175 RO - PV R A DG
i, TEMEERE b, PLP T 4% M - R EMK =
18.1%, 1A OGD/R £H 1) 52%, izl i T 40 i
RO HL B I .45 /0N, 220 PLP X} OGD/R 5 5 1) #f
IR HA BE Y ER .
2.3 PLPHIRI7EL
2.3.1  PLPAYGER IATFE a] 5300 B

R 25 B L IS T 2 75 T A K 3



2026; 53 (3)

BrmmE, % TRRAREWERE T P15 4 M/ NR K B EE [ 76 77 ER I R 2E -703-

B AR B ST, AR RN SR E S N
W PLP 5 KRB B4 Kb+ (LP) 7EtMCAO /)
AR BIRT2s 43 A o A da TR, #5255 0.5 h,
PLP ZH /)N BRS 50 BITHS 0355 Wi A9 28 A5 5, 1 LP 20
U355 H A A YRS s e, kB I/ B
Bl P R A A R ) e A R G X, B
I HERS (6~12 h), PLP 403k %898 L15 5 o B ik
— TR IR RN, PO S BB LT TR
MAMAKX, 1 FE T i LP 4L Ay ] WL AR (s 5
{5 B B A IC e S AN S, 7E2~4 d 5% 3~
6 d Y WLELHET LI, PLP ZH B i 156 X 1928 615 5 B
WEA TR, (R R 5 R KO-, T LP 213k
WPOCR SR WSS, 5 o LR ARG, B
AR 24 )5 3~7 d, PLP 28 i A7) Al A 21 47 22 11
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Fig. 4 Neuroprotective and brain—targeting effects of PLP in tMCAO mice
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Abstract Objective Post-ischemic acute inflammation and the subsequent persistent dysregulation of the
immune microenvironment represent major pathological drivers that aggravate neuronal injury and severely
restrict functional recovery following ischemic stroke. Although current reperfusion therapies partially restore
blood flow, they fail to effectively modulate the secondary inflammatory cascade and oxidative stress, which
remain critical barriers to neurological restoration. To address this challenge, this study aimed to engineer and
systematically evaluate a biomimetic nanosystem composed of transforming growth factor-p1 (TGF-p1)-loaded
platelet membrane-camouflaged lipid nanoparticles (PLP). This nanosystem was designed to achieve dual lesion-
targeted delivery and immune microenvironment remodeling. By verifying its spatiotemporal accumulation, anti-
inflammatory activity, and neuroprotective efficacy, we sought to establish an integrated therapeutic strategy that
simultaneously enables lesion targeting, immune regulation, and functional recovery after ischemic injury.
Methods The physicochemical properties of PLP, including hydrodynamic particle size, zeta potential,
structural stability, and morphology, were characterized using dynamic light scattering, zeta potential analysis, and
transmission electron microscopy. The preservation of platelet membrane-derived adhesion and immunoregulatory
proteins was confirmed by SDS-PAGE through comparative analysis of protein band profiles between PLP and
native platelet membranes. The in vitro biological activities of PLP were evaluated using two complementary
cellular models. LPS-induced M1-polarized RAW264.7 macrophages were employed to assess inflammatory
modulation, while oxygen glucose deprivation/reperfusion (OGD/R)-induced BV2 microglial cells and SH-SY5Y
neuronal cells were utilized to investigate neuroinflammatory regulation and neuronal protection. For in vivo
validation, a transient middle cerebral artery occlusion (tMCAQO) mouse model was established to mimic ischemia-
reperfusion injury. The spatiotemporal biodistribution and lesion-targeting capability of the PLP were monitored
through live fluorescence imaging. Therapeutic efficacy was comprehensively evaluated by triphenyltetrazolium
chloride (TTC) staining, glial fibrillary acidic protein (GFAP) immunofluorescence analysis, body weight
monitoring, and neurological severity score (NSS) assessment. Results PLP nanoparticles displayed a uniform
spherical morphology, nanoscale particle size distribution, and stable negative surface charge, indicating favorable
colloidal stability and circulation potential. SDS-PAGE results confirmed the effective retention of key platelet
membrane proteins associated with endothelial adhesion, immune evasion, and inflammatory regulation,
demonstrating the successful biomimetic construction. Optimal therapeutic concentrations were determined in
OGD/R-induced BV2 cells, where PLP exhibited excellent cytocompatibility and anti-inflammatory activity.
In vitro experiments demonstrated that PLP significantly inhibited the polarization of RAW264.7 macrophages
toward the pro-inflammatory M1 phenotype and markedly reduced neuronal apoptosis under ischemia-reperfusion
conditions. /n vivo fluorescence imaging revealed that PLP rapidly accumulated in the ischemic brain hemisphere
and maintained prolonged retention for up to 7 d, suggesting enhanced lesion-specific targeting and sustained drug
release. Compared with control group, PLP treatment significantly reduced cerebral infarct volume, attenuated
reactive astrogliosis, improved weight recovery, and accelerated neurological functional restoration, as reflected
by significantly improved NSS scores. Conclusion This study establishes a multifunctional biomimetic
nanoplatform that integrates platelet membrane-mediated active targeting with the anti-inflammatory,
antioxidative, and neuroprotective properties of TGF-p1. The PLP system enables rapid lesion homing and long-
term retention while synergistically regulating the post-stroke inflammatory microenvironment by suppressing
pro-inflammatory immune activation, reducing neuronal apoptosis, and limiting excessive astrocyte reactivity.
Importantly, this study proposes a conceptually therapeutic paradigm that combines targeted delivery with
immune microenvironment remodeling to achieve comprehensive neurovascular protection. These findings
provide strong experimental evidence supporting the translational potential of biomimetic nanotherapeutics as
next-generation precision interventions for ischemic stroke.
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