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[ Abstract | Objective To prepare indocyanine green (ICG)-loaded platelet membrane biomimetic liposome (ICG-PLP)
for tumor photothermal therapy, and to preliminarily evaluate its in vitro characteristics. Methods ICG-PLP was prepared
by an ultrasound method, and its particle size and zeta potential were determined using a laser particle size analyzer. The
encapsulation efficiency of ICG-PLP was detected by ultraviolet spectrophotometry. The photothermal properties of ICG-PLP
were investigated under 808 nm near-infrared ray irradiation (2 W/cm?®), and the retention of platelet membrane proteins
was observed by sodium dodecylsulfate-polyacrylamide gel electrophoresis. The uptake of ICG-PLP by mouse macrophage
RAW264.7, human non-small cell lung cancer cell A549, mouse melanoma cell B16-F10, and mouse breast cancer cell 4T1
was observed by a laser confocal microscope. Furthermore, the phototoxicity of ICG-PLP was detected by methyl thiazolyl
tetrazolium assay, and the safety of ICG-PLP was preliminarily evaluated according to hemolysis rate and cytocompatibility.
Besides, the in vivo retention time of ICG, ICG-loaded liposome and ICG-PLP in healthy SD rats was observed after tail vein
injection. Results ICG-PLP was successfully prepared and its encapsulation efficiency, particle size, zeta potential, and the
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polydispersity index were (97.68£0.01)%, (109.77£0.76) nm, (—21.23+0.84) mV, and 0.2240.01, respectively. [CG-PLP
well retained the proteins on platelet membrane and showed good photothermal properties. Platelet membrane enhanced the

uptake of biomimetic nanoparticles by tumor cells A549, B16-F10, and 4T1, and reduced the phagocytosis of biomimetic

nanoparticles by macrophages. ICG-PLP exhibited a favorable photothermal therapy effect and could kill tumor cells.

Additionally, ICG-PLP displayed a good safety. After intravenous administration, ICG-PLP prolonged the in vivo retention

time of ICG in healthy SD rats. Conclusion ICG-PLP has been successfully constructed. It has a great potential in targeted

drug delivery and tumor photothermal therapy.
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JgFfA& (indocyanine green-loaded platelet membrane
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1.1 Zmie, XA 5%
AT RSB

R ERE ( 52 Sigma A F] ) , BCA [ ik
ME . 4R E RO ESEHIRRES ( D-o-tocopheryl
polyethylene glycol 1000 succinate, TPGS) . #ifg

(RERCEVEARGRAR ) , PEE, ZE8H 5

(R RHE L A RN F] ), SDS-PAGE i
il & ( B Y B2 RHA TRA A )
% o i R250 (B 22 se bR AR AL B A BR A
"), SEIRVEAEE Yk} (1,1-dioctadecyl-3,3,3°,3 -
tetramethylindodicarbocyanine, 4-chlorobenzenesulfonate
salt; DiD ) (Abat 2 HREAE VARG R AT ) |
DMEM, RPMI 1640 };7:3E ( [ Gibco A ] )
FBS ( N5 B SR A R AR ), MTT (b
EKFERHAIRAA) .

K % 43 fe - K (18 [E Sartorius A H) )
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JiekE 7z AL (FEE IKA A, HIKAY ( 32 Bio-
Rad 237 ) , TCS SP8 TG SR AL 14 W folhe (18
Leica /A ] ) , HT7700 %43 4 i Wi 58 (H
/K Hitachi A #] ) o
1.2 @mpsEsc /NEEELIIE RAW264.7 . AdE/D
AR L AS49 . /MR G ANIEB16-F10,
N B K Y B2 41 B9 human umbilical vein endothelial
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FERE 1) RPMI 1640 KiFRIETE 5% CO,. 37 CH&MF
THFR
1.3 F%sd  THEH SD KR A (2004+20) g,
WEME | B PG R ER SR sy AR B R R, S
sk PR AR S o SCXK (1) 2023-0017, 5K
Y EME A TIES R SYXK (J1]) 2023-0065.
14 ICG-PLP# #) & FRHU 1 mg ICG. 8 mg/H
[ . 40 mg BEAG A1 1 mg TPGS ZE[RJELSH A, I
4 mL R B iR, BEJS T e 28 RAL LR 78
KB I %E W E B, SR )5 A 2 mL PBS,
Pk 2 IE M SR B, KB 5 min, RIFH2L
ICG Ji§ i 1A (liposome, LP) ICG-LP ", % F#
JiE B0 PRI B R R A P A R, $RIUS
AR BRIl R 280k i 2 R . 100 W7 5 min 1%
F|PM, ¥ PM 1 ICG-LP 7 2 1% H ¥ 5 30 min,
T4 100 W 7S 5 min BIfS ICG-PLP. ORI
KN ICG-PLP BRiAE . 2240 H R EUR zeta HELAY,
FA e T MBS ICG-PLP JESR .
1.5 ICG-PLP eL3t & egmle  SRFSCHk [7-8] 15
o BUICG-PLP IRER & THEIEE T, T 14 000X g
4 CE.L 30 min, JEHRAMBLELS, RS
PEIERETE T 793 nm YK AR E O, A
ICG-PLP HiEES ICG Wit (W) o IR .
AR ICG-PLP IR, i B FL I e Hok
FE, iHHEICG-PLP h & A 1 B ICG & it (W,) .
B (%) = (W,—W,) /W, X100%.
1.6 SDS-PAGE ##XICG-PLP ¥ PM 4% % J{ BCA
& 1 & 2R F) & K I ICG-PLP #1 PM 1Y 25
M R, N A ERER s, T 95 Cmdk
5 min, AbBRJS AYFESNZ 10% SDS-PAGE 43 &5, #E
JE SR FH 2% 5 Jin 5 B T R L LIS R 1 45
1.7 ICG-PLP A AAn £ 25 (1) Jeiiiiae:
A3 WIBCH ICG WA 15, 20, 25 pg/mL A ICG-PLP
REWSA 1 mL, & THAmS, KA 808 nm T4l
HMEIEST 300 s (2 W/em®) , BRIHHHIE ARG 30 s i
ST UL

(2) JEHESENE: Jr ol EeH] 25 pg/mL (19 ICG
RN [A] 45 1CG ¥k B 4 ICG-PLP R &K 4% 1 mL,
BT ad, %A 808 nm T£l4ME (2 Wem?)
HES) 5 min, SERFIREE TR 2S00, 7200 A0
1 minicsg 1 YGREE, FedkfT 3 T/ CTEER.
1.8 fmReiR IR PPN VR4 RAW264.7 K
il 968 410 it A549. B16-F10. 4T1 XJ 5 £E i 31 114 45

BUG Ol % ICG £ ¥ y DID, $¢ 1.4 35 7 3 il &
DiD FRic 4 LP Al DiD Axic (4 1L/ B4 A B J5 A
( platelet membrane biomimetic liposome, PLP) .
s RAW264.7 4 Jitd K i J83 41 il LA 5 X 10* A4~ / T fY
SR OB R E L, T 37 CHFRER.
B I 43 SAE SO HE B A2 LA fin A DID Ric i LP il
PLP. ¥ % 4 h/m, JHPBSH#RZLvRi&4ni, Mm%
FH 4% Z2 5 T [ o 8 [0 2 20 B, #4511 10 pg/mL
Hoechst 33342 ¥ 0 A f A% G (o, AbER S %) 40 it

28 PBS VEWG, RAIROGIL R A B i gs

1.9 MTT i:3F45 ICG-PLP AR SMHLAF B 2L R AS49.
B16-F10, 4T1 4G LA 5 000 4~/ £L 1Y % Ji 32 F T
96 fLtk Y, F 37 CHiFRIIR . S I AR B
# ICG. ICG-LP, ICG-PLP % W& (ICG ¥k FE 43 il
HF0. 25,5, 10, 15 ug/mL) 541 F 4 h, &
808 nm T £ #F G HEHT 5 min (2 W/em®) , % & 41
MR TATLT AL BE, Ak2215 95 2 24 h, HI MTT 546
DA T o

1.10 A5 B 2% 2L TR 2 (500 L)
I3 95 ZE KL 200, 400, 600, 800, 1 000 pg/mL
1) ICG-PLP F IR A&, T 37 C FHEMEH 2 he
[ iF, 43 91 2% Triton ¥ W ( FH A XFRE2H ) |
0.9% NaCl i (BHPEXT IR ) 5 2% 21 4 i i &
T . WE ST 400X g .0 10 min, JF7E
540 nm PEAANINE FIFWRIAOCE R, HAKITHER
MR MR (%) = (As—An) /| (A4p—An) X
100%, o ds. An 1 Ap 53 AREREE & L BIEXS
R BRPEXT B8 62 A

111 Zmietazot 25 HUVEC L 5000 4/ fLAY%
JEHRNT 96 fLAR Y, T 37 CREFREI. BEEIMA O,
200, 400, 600, 800, 1000 pg/mL f¥) ICG-PLP % ¥
SAiaRFE 24 h, KA MTT BRGNS 77 .

112 KRR AR ik 5084 55 12 H SD Kbl
LAY R 3 A, AR 4 KX, 43 i ad R e bk v o U
B ICG. ICG-LP, ICG-PLP (7| & & 2.5 mg/kg,
PLICGHt) o 7E4325)5 016, 1.2, 3, 4, 5hTF
KRR ME 5 # Bk AU 2= I AL B 0 b, T
900X g #.L> 10 min, W8 B2 MIKAES, HZIhE
it b SR I AR 5 T TCG o B

1.13 %542 ffi H GraphPad Prism 8 #E17%%
P oy A1, BAE LA x+s Fon, 241 E BRI
R, ZEBCR N Tukey £, K 407K fE
(a) 4 0.05,
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(—2123+0.84) mV, Z4HRECH 0.2240.01, ug/mL B, ICG-PLP i& & 1] 0 5 JF & K2 51.17,
S E R (97.6840.01) %, 5 G L 5433, 57.83 C. S F e L as R ign, 4

i WA 3 ICG-PLP NS ERIES M (B 1A) 3 AL AME RS S ICG-PLP {545 1R 55 14 77 44
5 ek 438 19 PLP 25 {0, SDS-PAGE 455 (& fEh, HOLMEEEMEIFE ICG & (K 1D) .

. h
o v \
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Fig1 Preliminary investigation for physicochemical properties of ICG-PLP
A: The morphology of ICG-PLP observed by transmission electron microscope; B: The sodium dodecylsulfate-polyacrylamide gel
electrophoresis results of PM and ICG-PLP; C: Temperature curves of ICG-PLP irradiated by 2 W/em’ near-infrared ray at different
concentrations of ICG (n=3, x=%s); D: Temperature curves of free ICG and ICG-PLP irradiated by 3 cycles of near-infrared ray

(n=3, x*£s). ICG-PLP: ICG-loaded platelet membrane biomimetic liposome; ICG: Indocyanine green; PM: Platelet membrane; PBS:
Phosphate buffered saline.
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Fig2 Uptake of PLP by tumor cells and macrophages
A: Tumor cell A549; B: Tumor cell B16-F10; C: Tumor cell 4T1; D: Macrophage RAW264.7. PLP: Platelet membrane biomimetic

liposome; LP: Liposome.
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7~ ICG-PLP EATRRAGEENE, ReH TIEinsT .
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Fig3 Cytotoxicity of free ICG, ICG-LP, and ICG-PLP
on tumor cells in absence or presence of near-infrared

ray irradiation

A: A549; B: B16-F10; C: 4T1. "P<<0.01. n=5, X+s. ICG:

Indocyanine green; ICG-LP: ICG-loaded liposome; ICG-PLP:

ICG-loaded platelet membrane biomimetic liposome.

24 KR AK A EZRE A 55 ICG-PLP 78 K FlUiA&
PN A BRI I HE 328 ICG . ICG-LP K (P<<0.01) .
%5253 hm, ICGAULTRIMARIZ NG Heh
4 hJ5, ICG-LP LT RIARIZN(E S hEh
5hJq, ICG-PLP 41{aekail 215 655 . UKl 4.

1201
- 1CG
90 - ICG-LP
—4&— [CG-PLP

30r

Relative fluorescence intensity/%
D
S
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Time/h

B4 E#FiKiES ICG. ICG-LP. ICG-PLP iy
K BRI 32 R AR B AR X 2 S5
Fig 4 Relative fluorescence intensities of plasma
samples from rats injected with ICG, ICG-LP,
or ICG-PLP via tail vein

"P<0.01 vs ICG group or ICG-LP group at the same time
point. n=4, x*£s. ICG: Indocyanine green; ICG-LP: ICG-
loaded liposome; ICG-PLP: ICG-loaded platelet membrane

biomimetic liposome.

2.5 ZAEIEN AE 0~1 000 pug/mL ¥ EE I [
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