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Abstract

BACKGROUND: Sonodynamic therapy represents an innovative antitumor treatment modality characterized by its non-invasiveness and precise spatiotemporal
controllability. This approach offers broad prospects for the non-invasive treatment of medullary thyroid carcinoma.
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OBJECTIVE: To prepare lipid nanoparticles coated with a biomimetic cancer cell membrane capable of dual-modality imaging, and to detect the physicochemical
properties, targeting ability, imaging efficacy, cytotoxicity, and anti-migration capabilities of the nanoparticles.

METHODS: Dipalmitoyl phosphatidylcholine, dipalmitoyl phosphatidylglycerol, distearoyl phosphatidylethanolamine-PEG2000, cholesterol, hematoporphyrin
monomethyl ether, and perflexane were used as raw materials. Nanoparticles HP@LNP were synthesized using a thin-film hydration-ultrasonication

technique, encapsulating hematoporphyrin monomethyl ether within the hydrophobic layer and perflexane within the hydrophilic core of lipid nanostructures.
Subsequently, the surface of these nanoparticles HP@LNP was coated with medullary thyroid carcinoma cell membrane, resulting in the creation of biomimetic
lipid nanoparticles (MHP@LNP) with active targeting capabilities towards medullary thyroid carcinoma cells. The physicochemical properties, targeting ability,
immune evasion capacity, imaging effect, cytotoxicity, and anti-migration properties of MHP@LNP nanoparticles were characterized.

RESULTS AND CONCLUSION: (1) The synthesized MHP@LNP nanoparticles demonstrated a typical core-shell structure, with a diameter of 131.06 nm and

an average zeta potential of =30.59 mV. Gel electrophoresis confirmed that the protein profile of the MHP@LNP nanoparticles closely matched that of the
cancer cell membrane. Fluorescent colocalization studies indicated a significant overlap between the fluorescence signals of the nanoparticles and the cancer
cell membrane. The encapsulation rate and drug loading rate of hematoporphyrin monomethyl ether in MHP@LNP nanoparticles were 87.8% and 14.6%
respectively. Upon stimulation with low-intensity focused ultrasound, the MHP@LNP nanoparticles underwent a phase transition, forming microbubbles with
ultrasound signal intensity peaking at 4 minutes. Under laser irradiation, the photoacoustic signal intensity was found to be linearly correlated with the mass
concentration of the nanoparticles. The MHP@LNP nanoparticles exhibited homologous cell targeting and immune evasion capabilities. Prior to exposure

to low-intensity focused ultrasound, the MHP@LNP nanoparticles showed good biocompatibility. However, following ultrasound irradiation, they produced
cytotoxic reactive oxygen species, had lethal effect on medullary thyroid carcinoma cells, and inhibited the migration of medullary thyroid carcinoma cells. (2)
These findings indicate that MHP@LNP nanoparticles can achieve sonodynamic therapy for the treatment of thyroid medullary carcinoma under ultrasound

and photoacoustic dual-modality imaging guidance.

Key words: lipid nanoparticle; sonodynamic therapy; low-intensity focused ultrasound; sonosensitizer; reactive oxygen species; cancer cell membrane;
homologous targeting; nanomedicine; photoacoustic imaging; dual-modality imaging
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FFODR R B8 R 0 J8 T 40 9 0 WA AE DS M e, 7E 2
Wrisf 25 70% 35 Bk R4, 29 10% BE CAa I
AL RS " ST IR BRBE R, A5 G R SR U 1
TRITTCR IR ELIG R N 14 22 SR 0 1) 75 S i3 254
TEFIEBIFAATTROR W K, AERs- L1932 W7 HOIR R e
BEJE A+ S, A5 26 8 40 B R R 2 9K 254
IR RS, LR VR A I AR T B L Rk,
IR I 9K & B AT AR 1) [R] 284 5 ) P 5 g 16 3
SO fE— R LR T M R W R, gk
FA B R A8 AA 1 i — AR PR N Kb EL A 5 5 3 O 2 2
RMEBEME, BB Y AR H X, AR
RITRALE 2 A NRIT TR, BRiow  ZMNAT
FUIRSE . s A0 IR e R 7 k8 5 00 1 IR T
d S AL, SRR S AR R ERAE K
ey B o 2 R 2 R R UGS S A R T L i
ESWREER, MR RIS TR T B A s B
7 AR R TR A SR BB I oy AR, e bl i HL S
B RAR . 6 AR AT U e b R Ry
(I RE AR RF B, 7R AR S S A PR B o B BRI
AR

FENPITIEE N AR RN T R A AT . IR
il L BE RN RN B (P 8, TE ST O AT I PR
W T AR s B R S O T L SV sk i AL 4 5 3B
RE 77, R I MG o8 P 5 75 o B R T IR R 4
GO, AR IREBh F1IT R B R B RS ) ZE K 1)
A M R TS R RE RS AR A, BT
P LN, TR A S E MR N, A R

PIHEN AL A e TETRR, A 2 VLA R R R 7 A
K, AE R IR TR R A SR OB, 2 P ORI
FIFAL I RE R 5 AR AR AT G IR 1k 10 375 1 5
SELRRL AT . DNA fFRE | 20 M1 SRR 2 et T B 2
TE B R AN E 1, e 2L TR 2 g T2

L VR SI 6 AT 7 30 o T K - P R 3 2 ) M
ZNKORE, SRR SRR R K R PR RN A AR A e s
K IR IR BEFE o 40 I (MZ-CRC-1) iR 78+ i o 9 K ki R
T, A 2 LA 2 Bl A FRCR MR 8 RE 0 4 Ml o A Kk
MHP@LNP, 788 A R A U T S B0 i e Fg
WS W, (RIS W IR 7S ORI A AR A SO, SIBIL e B 7 3T
VAL I

1 #¥EF1/53E Materials and methods

11 et ARAMSEES + dHMAE S, 2 20 A) FUBCR F B
FHENNT, PPELECRH t A5

1.2 B AE SEEGF 2022 45 H & 2023 4F 11 A7E
7 i 5 o K 2 e I e e 8 T A ) S8 28 58 A

1.3 A

1.3.1 SEERER) ARAEMERE ARG . A AR I o T
Wk CWE e — 3R £ W% 2000, AR IR A I I H kIR [
B ( PH s AR RN B R AR ) Lk bk R g (it
ERHREVEARARAR ) 2|k ( IR AEN
BHECA R AT ) AR S 5 g0 iR i A 3R BGR & (-
WAL KAV ARNT ) MTT U35 Foaa s (7 M
FEAVBEARAR ) EEERNEAAN S ( BFEEs
RAEVEARAR ) WEHFREEFME (B UE=E 4
M THAEMBAE R AT ); DMEM mbliss a5 ( Bilgiiisd
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IR R A RAF ).

1.3.2 SZIGNAEE SR SCOERIAR{X (Nano Brook 90PlusZeta,
E[H); RifLAX (Particle Metrix ZetaView, f#[H ), &5
TR (FEI TalosF200X, £ ); %% B4 BE (Olympus
IX73, FIA ); 641 - Al W46 6 EE 1T (shimadzu UV-3600Plus,
HA); M REAX (Philips EPIQS, 3£ ); J6iE UG R4
(Vevo Laser, fNEEK); 8 75 U 40 BB WA (7 BB 242
MRHARAF ).

133 SEERAiif  FORIRSERE 40 MZ-CRC-1 H V5 g R B
REMHEER S5 5 T2 B 0048 B s = 1240,
B2 RAW264.7, N FE/N2H i fitifie 44 il AS49. /N BRLFL
I g6 4 B AT 359 £ 16 R 15 R K 25 B e 2= e P 98 TS A 4
LG =R

1.4 Z¥F ik

141 fiAE40KK MHP@LNP (1l AFRIE@CIAEE T
HEAT o 1 20 R I K &R0 R A Il i I AR, —
g R P 8 A T 9 O IR S Rl PR Wk e - R 2 =
fi 2000, fIF [i] {2 A0 L 1 K EE. FE R (1) VR S 4 R & 5, 2,
1.5, 1.5, 2 mg ¥R IUE, KRGV R AR T =& F
B AT EE (10 mL/10 mL) G HLVE )b, i e i 28k 25
BRAE ML, T35 50 WM S5 FH B Al K o R TR
BET % EP &, I 200 pl &% ki, RHEHEIRYS
RV 6T N AT A IR AL (120 W, 5 min), 4 C%fF
N 8000 r/min B.0> 5 min, FX LiER, BEBUUE, Pk
3 RS RIIR B 49Kk HP@LNP.

iz HE A it 58 i 1 B B ) & 1 W 2B R R L MZ-CRC-1
YRR . 24 MZ-CRC-1 4H i 75 55 77 L Hp 2E K &0 T 58 42
AT, B BCE T oKTE b, FH T0A R PBS PRk 3 K,
A7 FH 40 i ) ) PR R 4u i, IR RS AE 4 C A& AE TR LA
1000 r/min B§.0» 5 min, FF% BIHEWR, SREAHMDTE; 0
NG T A FER N 1% 2K F S BE S, R &35
(1) 20 P B2 S TR TR A 1 30 min, SRJEERHE T 37 C
KGR, S REZRER, £4 CHMET
1 000 r/min B5.0» 10 min, 25 BR AR BRI 40 ML iE, K b
THRAE 4 ‘CZ& AT 14 000xg 20> 30 min, 2.0 J5 KIUTTE
B 2A MZ-CRC-1 i 4 M S, e i T~ -80 CiA T
BLAHA R TR 3d, BT -80 CUKFEEAESR .

W IR A B () i 5T 99K KL HP@LNP 5 MZ-CRC-1 i
MR R RGN 1 L LIRE S, EUKIBAET
AE YR Y% AL FE 2 min, 14 000 r/min &> 20 min, 3% % I
TR, 3 20T R N ELAG e 0 M R i J2 00 475 26 P R 4l
KK MHP@LNP,

1.4.2  JBAKKL MHP@LNP [FJ5RAE 7RI T BT T W42
JIE 5% 44 K KL HP@LNP F1 MHP@LNP [\ TSI 45 0. RS
IR SCBEE R AR SR I i 5T 499 2K R HP@LNP FI MHP@LNP
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0 07 4% R0 43 BRFE B SR LR A2 ASORS: W i 5 4 K R HP @
LNP. MHP@LNP 5 MZ-CRC-1 4l g fil () B AE o R FH 48 4h 9
I FE AR . 1 IR R R I 5T 49 KK MHP@LNP
WO, RIS 52 AR 5 49 K MHP@LNP Il A i 56 A
Mt R 522, KB KSRl MZ-CRC-1 i 48
J BRI BT 49K KL MHP@LNP [ 2 1 ik i . 7RG 0
B NS S 9N K kL MHP@LNP [1)%¢ 6155, ffi ] DAPI
FRiCA A% (5% ), Do FRicAE ( 4h 58 ),
DiD FRiC 49Kk HP@LNP( 4T (15 )

I b B P T, 56 (%)= A KR R I R B P i
&/ IO I Rh Bk ER K 5T 5 x100%

IR bk BRL R 24 2R (%)= 4N KR H I 1 R 24 P k)
& /[ YIKRLT & x100%.
1.43 849K K MHP@LNP [ AH2S 5 518 % i I 44
KKL MHP@LNP 5 ¥ F 25 B8 1 /K Wik, i Ho i Rk FE
1mg/mL, BT 24 LR, ff FKHREE R AP (4 W/em?,
ko= ) LR MG, A RIFERRSS 0, 3, 5 min IR =
WARCE T8y B, BG5BT WS 98 KRLAH AR
(R

A i 7 499K R MHP@LNP 5 25 B8 T KRk, A
FR WA 1 mg/mL. WRE 200 uL & T 3% Bifig e
BERL A, {3 RIS B SR AR S (4 W/em®, ik X )
ITHRGS, WERTEN 1, 2, 3, 4, 5min, RS2
DCRAE RS HT 5 B B8 75 A3 i b 75 1 BB o, (6
Image J B TA5 5 5 B HEAT & A0 HT .

VAR R B E (0.6, 1.2, 2.4, 4.8, 9.6 mg/mL) (¥
JIE B4 K KL MHP@LNP ¥ i E T 3% Bl eI Y o
LA PBS Xt HEZH, F 700 nm 3K BOLHEHT IR, A
B BCR A 75 BUR FNE S A T 15 5 0
1.4.4 g 41K B MHP@LNP (1 2 g $5% HOAN [+ 305 B Ji
1 8 % B K AT MZ-CRC-1 40 i, DA 1x10°/ L, 11 25
Pt T ER IR, BT 37 CL A 4 H 5%CO, 4 i i
FhmE. WELRGI R IR, FH PBS ik, H&
DiD #x ic ¥ A i 44 2K ki HP@LNP(50 pg/mL) Fil MHP@LNP
(50 ug/mL) Fr Al ARG IR, 5981, 2, 3, 4h )5,
Fr 2 ARG IR 5L 91 FH PBS Bk 3 Ik, I 40 g/L £ ZE Wik
VW 2 15 min,  F PBS ¥ 3 UK, JI\ DAPI 5.4 fifg
% 10 min JEHE 5], FH PBS Wik 3 Ik, TE740 Wi
ISR AN B A BRI L o

RN E AR KA MZ-CRC-1 ZH L. RAW264.7 2 il .
AS549 ZH ffg A1 AT1 20 A, 0\ 7 DID A5 ic 1 JIE 5T 44 oK i
MHP@LNP(50 pg/mL) #ATHF &, W H 4h )G, FF IR
7R3 5 FH PBS Wik 3 WK, M\ 40 g/L £ T H B V& W 3] 52
15 min, F PBS ¥k 3 ¥, M DAPI ZL a4 g #% 10 min
HRESRI S, FPBS Wik 3 IR, TEZJGEIUES T W54



BREE _ _ rEanTERR @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
J P9 U D FETE DL

1.4.5 JEFR49KKL MHP@LNP JH VRS e $k K
(] MZ-CRC-1 4ifiid, LA 1x10°/ FLIE BRI 2] 6 FLARH,
BT 37 C. K 5%CO, A R E . B E IR
JEEUH . FH PBS Yeis o 4 dLAR B o R R AT AT A Ab B,
W E 4 b, WAL E 4 h 5 R S R A
7 (4 W/em?, ik 50 ) BG4 ming MHP@LNP 411 A
50 pg/mL AE 4Kk MHP@LNP 55 4 h; MHP@LNP+ i
LN 50 pug/mL JIg it 44 K KL MHP@LNP 5% & 4 h 5 7
FEAR 5 5 AR (4 W/em?, ik 522X ) B 4 mine i
NI PR 8 LR AT I E 30 min,  7E 986 B TR R I
PR A
1.4.6 EF4KRL MHP@LNP J7 250k

MTT 3% 144 B TR AIK K MHP@LNP B4R S M ik
PSR KA MZ-CRC-1 4l ffg, LA 1x10°/ LI % FE Bz
F 96 fLARH, WE LSRG TL 3 NI AR OSLL
HArHIINN 6.25, 12.5, 25, 50, 100 pg/mL [ 5 55 49K
Fi MHP@LNP, S R 2H ( Jogy KoRnias AE & A 4 ) A
HA (TGP ). B E 24 h JGIMA MTT 7, {#
FABSARACI & 490 nm YK R G EEE,  LAVPAl 40 i v
F1. @WENIEYA., BAEL4 . MHP@LNP 41 f1 MHP@LNP+
HFEH, XERAAHATEFAEEE, HHFEE 24h; HHLH
IR B SR AR (4 W/em?, kb ) IR ST 4 min J5
AkLEWFE 24 h; MHP@LNP 1IN 100 pg/mL fii 5 4 KA
MHP@LNP §# & 24 h; MHP@LNP+ #2721 i A\ 100 pg/mL
Hig 42K MHP@LNP Ji5 R F I A 5 SR AR 7 (4 W/em?,
Jik s =X ) HEURT 4 min, 482205 F 24 he [N ECE T HAH (6
GUKRRLANANNL ). WEE LT, KA MTT 3230058 20035 /7 -
@I 4 MM 5, 10, 20, 40, 60, 80 ug/mL [If&)5
4Kk MHP@LNP, I - 58 FE SR AR (4 W/em?, ik
B ) BRI 4 min J5 4k E 24 ho [R5 B RRA (G
AP N RS EERCE SR IR S EEN O b S e IR
I 45 A S R MTT V200 58 4TS 77 o A7 5 2 %=( 5K
B AH RO BEAE — 5 RO BEAA )/ ERAA RO LA -
FIEHIROE BE A )x100% .

35 5T 40 Bl 11k AE R4 K ki MHP@LNP (9 40 i &5
M RPN RUE KT MZ-CRC-1 401, LA 1x10°/ FL19 %5
FERRN R 6 FLART, A RS S AL XA AT
fRATALEE, “HHLIEE 24 hy RS 4R F A o B SR A s
(4 W/em?, ik ob 5 50 ) B8 5 4 min J5 4k £: 0 F 24 h;
MHP@LNP 41 i1 A 80 pg/mL fi§ & 44 >k ki MHP@LNP J
B 24 h; MHP@LNP+ # 75 2H i \ 80 pg/mL fig Jii 44 K ki
MHP@LNP J5 | F IG5 B SR AR 75 (4 W/em?, fiki 8 X )
JEYF 4 min, ZE4E0H 24 h, BEHLHE, 5L
WGt AR G g AL BRA M, 752 BB T WS 4N

1.4.7 JEFYKRL MHP@LNP HLILRS S i fnt A Ky
(1] MZ-CRC-1 40l Fh T 6 FLAR AR, 49U % N 1x10°/ 4L,
BT 37 C. 0 5%CO, JUHIFEAR R S - FRANAR e
4 iE B Eb G A 2T 100% f5, FF-§ ) 200 uL ki Sk 1
B0 AT RJE, H PBS Weik 2 WG o 4Lk HE
Xof HRZHAS HEAT AT AT AL 2R, 8 75 4H R A 08 2R A
(4 W/em?,  Jik v 455 5 ) BE Gt 4 min J5 4k 45 0% F 24 hs
MHP@LNP 41 /i A 50 pg/mL JI§ Jii 44 >k ki MHP@LNP i
#H 24 h; MHP@LNP+ i 7 21 jin A\ 50 pg/mL fig 57 4% K Hi
MHP@LNP Ji5 FI| F I 58 FE SR AR R (4 W/em?, ik s =t )
PS4 min, k4R E 24 h, WES )G, E6 M
THERRIEG 0 h Al 24 h ()Y, {5 Image J 4 &
P A XTI AR . 4T F2 2E (%)=(0 h 135 A —24 h 45 1
[fI#7 )/0 h 4% T AR x100%.

1.5 BRI NRFYIKR MHP@LNP [ / S
RARRE S FIVREE A8 A G kIR BE T RSB IT BE
FIRNGUTH RE

1.6 %it# ¥ KH GraphPad Prism v9.0.0 %% 4
HAT Gt 50 M, PR R DA xbs SRR, AR & 2 [A) %
AR LM I, 2412 8] B R B R &R % 4y
BT, PTELLECR A t i3, P<0.05 I 2 5 B M L.
EX G E A M R R R MR R g T K
%o

2 258 Results

2.1 JREA 4 KA MHP@LNP A AR R AR R B ST
W22 3 fig B 40 K R HP@LNP 243 B S R I 45 0, L
B 1A, EN I S 1) 6 BT 48 KR MHP@LNP 5 3 it 7Y
MIRZFEEE R, oKL 3R T ) 40 B FEE v 2385 il o] O, AL
1B.

T8 5y R SCHOGRLAR AT A5 15 5T 49 KR HP@LNP Al
MHP@LNP [ 4545 3y 119.38 nm( 4B %k 0.183) Fil
131.06 nm( 4> H 48 $ A 0.232), ULE 1C. ik A2 4
13 NE BTN KL HP@LNP (1) 3R TH HLA 4 —27.19 mV, 41 i fii
FIMAHAIH -33.35 mV, JEFYIKAL MHP@LNP [ TH H
fi7 5 -30.59 mV, I.[E 1D,

TERAME 1S A, it nb bk A F T 400 nm A HH B
W C i I, T R 5 49 KR MHP@LNP 7E 400 nm &b Hi B %6}
N7 A PR AL U, LT AE ., [ S 3 3 5K AR ¥ S 1 0 45 i
JFR AN RL MHP@LNP PA I 1R Wbk 5. FE ik 1) 60, 4 %6y 87.8%,
WAHEN 14.6%. TEHE LIRSS R 0T WG 45K KL MHP@
LNP FI MZ-CRC-1 J 41 i i 1 2 (1 IR AR ABL,  WLIE] 2F.

eI AUBE T VL4260 78 i A LA 1 I T 4 KR MHP @
LNP, HP@LNP( 21 {175 ) ) Al 4 Jf i ( & (7 ) 90k
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FERERE, IE1G.

2.2 R 4hAR MHP@LNP 6948 % 5 g4 M5 R 701
SRR A MU AT, Jese R N SR B R
R MHP@LNP A= AHAR, [ RE R B [ 2 4 72 A2 /N AR [
e, W 2A. FEE A UG T, W5 R BE A (R 2R
FEE 7S R I (] R 4, IR KA. MHP@LNP 71 B 25
FORTER A 3G A X (S 5 R I 08, 7E 4 min ik B 5K
8, W.[E2B-D. fE56A G H, 499Kk MHP@LNP
eSS BRI, WE 2E.

2.3 AR #A KK MHP@LNP #9 fm it 3% B A= 5] IR 32.16) P4 46
MzER DD FRic I NE BT 4NK KL HP@LNP F1 MHP@LNP &
4T 5, DAPI 4710 (1 MZ-CRC-1 4 g S T4 t1, 4> 7] 3t
MW E 4h G, ERGEME T I MHP@LNP 4H 21 {7
TE SR BT HP@LNP 20, W& 3A. fgmayk
i MHP@LNP 4} %] 5 RAW264.7, A549. 4T1 il MZ-CRC-1
I H LT E AH RIS (8] f5, 7E9¢ 6 R T ] LIS R 5
MZ-CRC-1 ZH il 2 21 5 58 Y045 5 v FE A vk, W IR I 4l K
L MHP@LNP HA 47 1 [R5 AR 7] B ) 5 G ik iR e
L& 3B,

2.4 FRFish k¥ MHP@LNP 4975 M A A RAem 2 £ 8t
T TR ST IR B A WU T 1 SR AR L, AR DO AR T N
HRAL. HE S A MHP@LNP 41K LA 58 (5 5, MHP@
LNP+ 875 21 0] DB B et i e fs 5, WL 4.

2.5 SR 4hkA MHP@LNP 57 334545 % MTT K il 25 5
IR, TEARSEEE SR AR RIS R, AR SR B AR
YKk MHP@LNP 5 MZ-CRC-1 41 i LM% &, ARf a8k
KL MHP@LNP 7E 100 pg/mL i B2 56 A T HO 40 A7 35 % >
80%, WA 9Kk MHP@LNP HAT KL (2 E MDA 2k
,[E 5A.

MTT Al g R o, HXFIA . 875 24 MHP@LNP
HAH L, MHP@LNP+ 75 41 3% Tt B 2 119 2% 473 4 i 1)
71, VLB 5B. ARG KA ARG, BEAEIRRAK
I MHP@LNP Ji SR FE I3 I, 40 A7 R B sk, W
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525G, MHP@LNP 4L n] W/ 84117580, MHP@LNP+ i
FEL AT LR A, 5 MTT Al 5 RAH— 2, W
[ 5D.

2.6 FE/R 4 kA MHP@LNP it £ i ie st R E BT
HHAE O h HI 24 h 4EMRIT R 2, o BE A 40 T 7% 2 R
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LNP+ A H R I R P ae /), WWE 6.
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3 1571 Discussion

HOR IR BERERE TS 1025, RO B A m A 555,
B WG TT A B T R R A T S
B BUGAHLL, ZHESRG RIS PR MR B, A
SEE 2 T B A B8 T A RS A5 2. 7. R T gk
I8 IA Z 48 0] SO IRPUMR 25 AR R . R P EAA R
RBEZ ), B R AT A Rk A, & — WA
RPUIR S B2 A, KBS R AR gk 2
Wik RS A N R NS BRI TT HUR IR BE R S A Er
BATT &1

YK G5 46 g T A B A MR I R X4y JZ A5, T
PENRCEES AR, BN F AR iR, 2
— R RAT AT IR 253635 R 4 B, e H R covID-19 %
B PR R R, AR T 5T 0 25901435 mRNA
SRS BRI BT, Ul W T T Jo &5 A4 1) 44 Kok
A W K PR N PR 98 g 7 e R T e o % 1) g R 4l K
Fi HP@LNP ) K 4% 9 119.38 nm( 4 B8 % v 0.183), &
SRR BRI U ST BRI G, A7 e A R S
() G o 49 K B MHP@LNP 52 B 8 704 (o 4% 5 45 1), Ridz
131.06 nm( 73 dia £y 0.232), RLAR 3G 0 I 8] T 240 i
JE 4710 nm. fIg 5 94 K ki MHP@LNP 1] Hi £ (-30.59 mV)
59 4 S FELAE (=33.35 mV) AHIE, BRI HLK 0 AT R R
S 5 MHP@LNP HA R EE (1 I, IF B2 ehrid i)
HEMETRERSA, DL RR A il ) L 1
NEB AR b, NG EESEI W T B T kA

FE R P RN 29 O iR A A RS, R AR
T A B 135 b b B A L 2L, RO R HR R P R
R GO EE A P20, IS R 40 KR MHP@LNP [ 75 {15 3 2
SR AR 7S IR IR TR) PR G, 7 A R R ) O R T 2
B Ui 75 AN iR S I R A 1 B, 7E 4 min B
B R, B HORR TR, 5o BB W 5 4
SAH— 2. i nb mhk R R R AN B % /R DR A RS 2 A R
ICHON, B REFGH BURRE 1. FEEOE B I IR 5
YK KL MHP@LNP Ol 7 R, g Kok ol &8k fE 50 8
TR E BRI MER DG, Rk, AR 49K KL MHP@LNP
FA R I8 R B USRS g ge 71, il & B2
b7 R PR R B R o T ASOOP A ) — R R R AR RL R A T
Al fE.

17 £ S0 JE A FE ) 40 KoRE B 5 184 o 2R AR 2, AE
KRG PRI 1], g0 B i ) “ AR B R
T A KR 3 G R BT RE S B [ R 4
F EATVE [ VERG S5 M B R R, e IRt 5 A
FUBEREAEZR 3, W LATSU) (R e, 1 5 e 40 i S0 J2 4
SRR o 97 200 MR ) U SR i R R s O A B B A
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Figure 1 | Basic characterization of MHP@LNP nanoparticles
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Figure 2 | Phase transition images and
ultrasound/photoacoustic imaging of
MHP@LNP nanoparticles
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Figure 3 | Analysis of MHP@LNP nanoparticles uptake in cells
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Figure 4 | Reactive oxygen species detection in MHP@LNP nanoparticles
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Figure 5 | Efficacy assessment of MHP@LNP nanoparticles
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Figure 6 | Resistance to invasion of MHP@LNP nanoparticles
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