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A preliminary study on the biomimetic drug delivery system
targeting atherosclerotic lesions
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Abstract: Based on the natural affinity between macrophages and atherosclerotic lesions, we made a novel
macrophage membrane-coated polylactic acid-glycolic acid copolymer (PLGA) nanoparticle (MPLNPs), and
examined its ability targeting atherosclerotic lesions. PLGA nanoparticle (PLGANPs) were prepared by
precipitation and MPLNPs were prepared by membrane extrusion. Their morphology, particle size and
retainment of functional proteins were characterized. Their targeting capabilities were investigated with cell
uptake assay in vitro and fluorescence imaging in vivo. The results showed that MPLNPs were spherical, with
obvious core/shell structure, the average particle size was (167+6.12) nm, and integrin o451 was retained on
the surface. Vascular cell adhesion molecule 1 (VCAM-1) receptor was highly expressed in the LPS
(lipopolysaccharides)-HUVEC (human umbilical vein endothelial cells) and atherosclerotic lesions in ApoE "~
mouse model, and the nanoparticles could effectively recognize the VCAM-1 receptor and had good targeting
propertiesin vitro and in vivo.  The results suggest that the cell membrane biomimetic nano-carrier may provide
anew approach for the targeting strategy in the treatment of atherosclerosis and related diseases.
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Sk FERELL, (atherosclerosis, AS) & —Fh ™ &
£S5 NS R B DL, 2 el 0o A BB RN A1 JE I
B 9 e g I I LA 1) 2 B B AR AN
1E, AS IR ACR B 1 A 58 4 8 B, AFAE 2 R,
P SE S U B NPT B 2R — o R U & T
£ I6r PR 3% 328 il 9 2 Jik PR 45 45 2 20 ik ok B A 1) 4
I AR R, IR LA N B 40 S i —
SO RN 2 7, i 4 R &5 P 4 F-1 (vascular cell
adhesion molecule-1, VCAM-1). #i i) & b 4 7--1
(inter cellular adhesion molecule-1, ICAM-1) %5, Xtk
FMATAT T RS SR /SR R R G
ZHE, (R Rk B A% AN B 7R 0 4L U, 3G 0 4 A1)
A EAEH, (R AER I — P R, 2T s ik ok
FERE (LB 29,

IR, B RZ5S T B koo A Al A B
R ZAEESRT E AS GRS, B
LYK BN 7 (macrophage colony stimulating factor)
DA e FC At 18 73 TR] B A B A% 4 70 4 ol e 4
MAE AS RJEFFES, BRI S BEER I . 76
FELTYENR FI IR FEAZ O B O3, O 3 3508 W 7 255 1) 3
DIFIBE SR Py A B S5 R T S R . 7R AS R ER
Ferh, BRI 8 R R mEAE A . AR
W1, ELmR4ni R O R A KA 1000 24, It
A 458 Fije 2B IARVERE (the gene ontology
annotation) L&, 4% CD1lb. CD14. CD18.
CD40. CD86. CD44 Fll CD16 %1% X6k (I T)jhE % 5.
41 CD40 7] DLl 5 Al 1 CD40 Fifh 4 &, T %
L ONPS RN S R PS a1 iy 1 K 58 TS R = S v
fRIFE AS FHRRIE. SRIERN, 5T AS BEH R AR ik
J&, WP 5", C- RV & (Creactive
protein) A LL{E#E VCAM-1. ICAM-1, E-#E#% &K K #
Atk 1 (monocytes chemoattractant protein-1)
FIE, MRHERAERPLR A, & AS KIEH I EER
PedRE e,

T AER, N FH 4 6 S g KR I — )7 A SR
1 2 I 10 B 170 336 25 F 70 PP A R Jg o 10, 4
JH A 5 94 KR A2 e 2 i I 0 75 A 44 K OR3P
1) 8% T RS AT — o 3 28 245 0 3 12k A4 R4 AR 40 oK A R
Y 20 M R 5 PR R A, AN LR 3G 0 4R KR 1 AR )
FHAENE, 36 AT DI 1% AN [R] Fh S 40 i 1 20 PR s,
AN 40 M B AH R 40 i 5, AR 9KRL “ 7K
JE AR SR A B HB 4> ThAE . SCERM MRS, B
AL FE T ARG K 25 R Ge, 4 T A0 8 B g i
RN R RS, RO R T RS v

WBIT I RAFIE 770 AW T i vt — Al DA 0 4 A5
WENGURRAE N YRk, T B g0
BER adfl 5NN R AL ML 25 707 VCAM-1 1
R PEAR N, S LA Bl Mk ok A B A 9 Jek A A7 1 e 2
B,

mRER*%

#Hm5iIRF  BiFF. DMEM. RPMI1640. fiG%:
% (Gibco A #]); Je® 4 (Nile).DiR#i{LY) (DiR)
(Brrhr TIAFI AR A ), PUHEEME (MTT). B2
B (LPS) (Sigma A #]); a4. p1. VCAM-1 %—Hi &
AR — Pt (Proteintech /A &]); I3 & JHE EE (TC)
KR &, Hih =8 (TG) KRMk&. BCA &
HERRAGE o RAH).

MESENY) RAW264.7 ENE4NAN (RAW264.7).
B Bk R e (HUVEC) 11 1 R} 27 e 40 i
FE. ApoE " /NE % C57BL/6 /INER, SPF 4%, HEtE, 6
W, bR R R AR A IR A R St A
AJES: SCXK (%) 2014-0004 .

FEMNE BOCKIE K zeta AL HTL (Nano
ZS, JE[E DR H]); FEI Tecnai G20 & 43 #1355 il
B (% FEI A 7]); BLO-RAD MODEL 680 fi#hr1X
(AR RERC AR A R A F]); 2O6E B 2 s
(IX-73, HABMKERT 2 F]); NovoCyte it xU4H 4%
(CCHREMAR AT, NhiEEBE ZE% (VIS
luminall, 3&[E PerkinElmer 2 &]); Nikon Eclipse E100
BB R (DA FREAH).

MMpEEF  RAW264.7 F1 HUVEC 43T
37°C. 5% CO,*. RAW264.7 FI& 10% fif 2 115 11
DMEM #5733 55 5% (% X41), HUVEC 48 i FH 7 10%
JEZE &K RPMIL1640 £57RFERE 7% (FX4T). UK
BRI R RAW264.7 1 HUVEC 4 i 3k 17 5256, 96
FLBR AN 24 FLAR BEFh AN 54 1x20* A1 5x10° AN
L, B .

E Wk 20 B AR 177 4 4K SR I O 1l & S 3RAE

LN 3R 2% Cao ™ 4% 7 .
WA B, I 4°C TM buffer (pH 7.4, 0.01
mol-L™* Tris #1 0.001 mol-L™* MgCl,) =&, %
MEBCN BT 2.5x107 A, FAZ 34 BRATLR 5 55 R
MR (20 k), AIANGEE 1 mol-L 1 BERE S5 4 i 2
WIRA, MEEAIRE N 0.25 mol-L ™. #EHE T
THAE: O 4°C, 2000 xg &0 10 min, L EIEWR; @
4°C, 3000 xg &> 30 min, F%& _LiEWH; ® A 4T
4 0.25 mol-L L FE TM buffer F &, 4°C, 3000 xg &
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O 30min, FFE RIEW . E R ITUEY) R Ay B R 4 f i,
F BCA i 141 % 171 46 00 e 40 i Je 2 11 75 &, —20°°C
TRAF o

YRR H & SRAVTEER & RAR-ZHE 2
MRILERY) (PLGA) T HYKHL, K% FE PLGA 10
mg, Pl 1 mL & #E, BidE N BRI K T, sk
PiFE 2 h, 30 CUlE el 78 % 1 h RN T4k %, 4
FF Ak kL (PLGANPS), 4 CIRAE. RIGEFRICY
KL ) £ 3 72 5 2 B 9RO E A, B B IR R S
(1) PLGA 1 mL, F&% WL 1 mg-mL ™ AR IR 76 &
(Nile. DiR) ¥ 10 pL, 7850 1R 2] 5 # M F ik T vk
KRBT EFRCHIGKNL, 4 °C IR,

W 40 B A7 2E K R R i % 5 R AE R
o K B T VR, e e 4 o Y R 4 SR L R
BrIE, Hlk B i . AR5 L 0.28 mg BE
B EVE i E3E 5 PLGANPs (1 mg-mL ™) 0.5 mL
IRE, WUGET 400, 200 nm § R ERES (PC) JENE
5B ) e A B 40 K R (MPLNIPs) . %
UL A T 40 KR R A% B L 2y B o, o
HIZES EE (TEM) MEGRRLIISMIER .

B 8% Bk 1) B2 40 B ¢ SE 45 45 1R B 3 7 Y SR 1R 95
=B A KK HUVEC 40, UL =
1x10% AN T 96 LA, FLINA 100 pL, iR
B WR O REIRIE, NN TCMLiE R IR YLK 12 h, 40
BT AFIWREE LPS (& EIKEH 0. 156, 3.125,
6.25. 12.5. 25. 50. 100 f1 200 pg-mL™?Y), #4034
T, BT CO 8PS, 24 h 5 RALIMA
MTT ¥ (59'L Y 20 uL, 4 h 5L —HIHT
X 150 pL, 37 CHR¥% 30 min J& FEEARXAE 490 nm
BN EROCEE (A) fH.

a4pl B VCAM-1 EEFRIERM L&Al
i, DN R RIS B . $4 BCA A E
AT G A O R A, W e B R . IR A
60 ng MAEH EFEZMK, &k 10 min; 10% R K
eI -SDS EEi Wik G, % PVDF IE |, 5%
JB0 R WA P JE AR O — PR 41, =R E 2 h;
TBST ZZmiliseisk 5%, fK 10 min, &SI R4
RIEE

MAIRENSEIE K HUVEC 032l T 24 FLIR
o, BRI RS, S DAELER G E Nile () PLGANPS,
MPLNPs } blocked MPLNPs (I FH 4 5 14 470 3 Bk 2
H adpl F v SRS A S B MPLNPs), 6%~
MABIL, B4 8 7L O 2 h )5, FEEEHF
K&, PBS¥E 3 K. [RIHSLIGH AT 4 FLH 4% 2 KW

7F 37 ClH 2 30 min, PBS ¥t 3 X, DAPI #:{, PBS
e 3Kk, PG E BB TR 5 4 FLH R T
AL, B G ROON E (Nile, IR BEK N
488 nm, KKy 580 nm).

ENRKOR HERE (L AR B ST FNIFNY BEYE SPR 4
ApoE "3 K /N B K CSTBLIBI /INBR, 2 N4 T s
HEAEL (78% Ak 1l K + 21% JiE 7 + 1.25% fiH & )
MEFE 12 JA. HUSRNER, TR 3% M b2
(60 mg-kg ). /N B BRI K LA UKAS B IR
FERfE, WA O = Pl B 0.8~1 mL, MiEEEFEE
EP &, 4°C, 3500 xg &-0» 15 min, 43 & 1f3, 4°Cuk
RS FATAK PB Sl & 4% 2 KEHEER
AREGG (FIE 2mL-min D), £ B g s | o
FARBY TR 78 B S BB ECH (M0 IE AR T 4R
2 XU HE B K A SCAb) o /I R A B VR T 3 B ik
BITEUK AR

NREERDEESE HE 268 Ko ®E
H IR 32 3 Bk & OCT AL 7] (optimal cutting
temperature compound, OCT) 3 3 T UK % 1) F #L
(20 °C) VI, H 3Bl KO 0 T A7 A A T DK VR i
PR, U1 RN 10 pme # FE3k Y] v T = iR E
30 min, 4% £ R HEEE 2 5 min 5, 2K, &
IR Mayer 3 R 2 i 4t 5 min, 78 TH 7KL
2 I 1% ERBRIKS /AL EUED, 25K Pk, 0.6% 27K
R, AWK, g g 1 omin, Z&TRK
12 2~3 min; ZJE¥ Y RIKTBION 80% L 90%
L. 95% LW /K CEE | Te/KCEE 1 % 30 s it
K, ZHZE . ZHE % 2 min AT REH,
PER e dt Fr o et )5 D) i E T NIKON 4 T
ML I

NRMABZKEME  HUH 4 CHRAF MG, FHE
AR 7 I I P R I E BE (TC). Hih =g
(TG). HFHEE A (LDL-C) MEmEFREA
(HDL-C) %,

HRAREMER KERNRS N 3 4, ol
P AR DIR 19 PLGANPs. MPLNPs &
blocked MPLNPs 100 pL. 4 h j5 93 5 3% 2t
ZHN (60 mg-kg ) BRI, K E B BKECH, IS A
A2 )5 N P AB A A s U0 ] SR e s S AR T L E
P IEEREL Nile il 771 1)/ BB S 3 ik OCT B3 Y) F J5
BEAT e RO B AL (IF) B 5L FIHE [ 18

RBRNEEMQNEEME KKV =
T 30 min, 4% £ 5 W [ i€ 5 min J5, PBS ik
3K, BIR 5 min; 3% 1iLiE A EH (BSA) 4 CH ]
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IR, YA —PR P, =R E 2 h, PBS Pk
37%; N DAPI, dft 5 min 5, PBS YR 3K, N
1 PO R B R AT s g A b ke, B AR T
s b, BEBOTE RS b, R EE R RO
B 30 min, 58V s . BB TS L
B, FHFH Image-Pro Plus 6.0 i+ 52 Yo B, #HIk
FF-20C,

GtFEAIE BRI bRHEZE (X+9) FoR,
K FH SPSS 20.0 #AE#EAT et 04, BL P <0.01 R
AREEER.

FER518
1 EREZAREGE R ERSI&ESRIE
MPLNPs Kl &3 f20 A LT 3 AN O
PLGANPs [l #; @ E R4 EE; @) E kgl
JufEf2 % PLGANPs. 1] Ii. PLGANPs (K 1A) A
MPLNPs (& 1B) K F#1i4234/8 T 150 nm, £ 43
6% (PDI) 14> %)~ 0.128 A1 0.149. 3 B A< J7 2
I GRRLRL AR K /NE B By . 438 )
R PLGANPs (B 1C) AREE. A5,
MPLNPs (K 1D) BF5 B B ML R TR, 53
JeHLFE ARG W 25 SR — B
2 MEXINGEEANERE
R, EEgl el CLdE B oadpl 5
VCAM-1 &i&. N TSk EWR4 A MPLNPs |

B % adpl, ASCHEIT Western blot 1l adpl 75 H
Wi 21 i i K. MPLNPs L[ R IEE L. 45 R &R,
PLGANPs B FRE (B 2A), 1B 4.
B g 40 f i J2 MPLNPs _E3)3R15 T a4pl (K 2B).
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Figure 2 The protein expression of PLGANPs, MPLNPs,
macrophage membranes and macrophage. A: Protein profilesin
the PLGANPs, macrophage membrane, and MPLNPs determined
by SDS-PAGE electrophoresis assay. B: Integrins o4f1 in
macrophage, macrophage membrane, and MPLNPs determined
by Western blot assay. The protein signals of p-actin were
performed as a control
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Figure 1 The characterization of nanoparticles (NPs).

The particle size and distribution of polylactic acid-glycolic acid copolymer-

nanoparticle (PLGANPs) (A) and macrophage membrane-coated polylactic acid-glycolic acid copolymer nanoparticle (MPLNPs) (B)
determined using Zetasizer Nano ZS. Transmission electron microscopy image of PLGANPs (C) and MPLNPs (D), macrophage

membranes are marked by white arrows (bar =50 nm)
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DI BN Bk S FERE AL L 80 . MTT 5588, A
Rk P R AR LPS TS, A K 252 FI 0
SAH, BRI AR FEARAE (B 3A).
WG, mAETEERTH LPS EKEN 25
ng'mbL SEE A 24 he 3 —35 81T Western blot
RIERBL, K4 LPS 4bH 4 57 40 i 72 B & 1)
VCAM-1 %Kik, MAANFEWE LPS ¥ & 5, HUVEC
/M VCAM-1 R IE KF 5 3 T o 52 77 24 g vk
(K 3B). Wiss T MEET L X4 HUVEC 41 &
RICECARIN =M, KHE 740 G EE A K, B IE I,

A B

VOAM-1 S S s 110 kDa
fRACln —— - —— | k]
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Figure 3 The characterization of human umbilical vein endothelia cells (HUVEC).

A3 LU At BUIRMIE (B 3C); i LPS A FH 2H 44 ffa 7E
SHMHESE (B 3D), AR, LEAE. 4
4 EEYHREAR 1 A R E AR R INER [ M 4 VRN
ARSI LL LPS 55 N e ik P R 4t 0 1 18 9
B ok A R A L A HR A B B, DAL X 3 2 R G 1) B
HUIE DA 0 VRN B R SMEE M . B MPLNPs K&
PLGANPs ZH4b, 455 % & T FHW 20 (blocked
MPLNPs). 737l 28 it 2240 Jf A 58 580 7% 16 3k e e
K, 455 5 oR, LPS-HUVEC (& 4A) % MPLNPs )

A: The growth inhibition of lipopolysaccharide

on HUVEC detected by MTT assay. B: Vascular cell adhesion molecule-1 (VCAM-1) in HUVEC determined by Western blot assay.
Morphology of HUVEC before (C) and after (D) treatment by lipopolysaccharides (LPS, 25 pg-mL™) (bar =50 um)
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Figure 4 Evauation of in vitro targeting ability. A: Fluorescence images of NPs uptake by LPS-HUVEC cells (bar =50 um). B:

Fluorescence images of NPs uptake by HUVEC cells (bar =50 um).

and HUVEC cells (D)

Flow cytometric analysis of NPs uptake by LPS-HUVEC célls (C)



+ 302 - #2424 4)  Acta Pharmaceutica Sinica 2018, 53 (2): 297 —303

PRI 3 5 T PLGANPs (AT Z R N5 & 1) 2.05
%), IX 3R W 248 6 40 i e 6 1) 4% 75 B ) MPLNPs
AEH A 420 ML, 17729 MPLNPs 1 0481 %£HX
EEAPAN ARG (R blocked MPLNPs), 41
PRHC /b 1 1E % HUVEC (1K 4B) %t MPLNPs.
PLGANPs }2 blocked MPLNPs (/)45 B 76 B &5 7 5 .
IR S5 RAIBAIE W], MPLNPs 7E4R 4k 2 AT BT (1 £ 5)
A, HAZIheERIE T adfl BIEEE S VCAM-1
(1A S P TR
5 ERRRERIE (74 RS MR R ER ) 14 4] 53 0
# I8 1 E (apolipoprotein E, ApoE) f&—fh%
AMHEN, Z5BEEANEASREER, HAEER T
CAUR T VE 2 AL 22 ThRe, 5 sl o Re Ak & 28 R R
FUIRI P, B F R W, ApoE "IN BT A v g A e
Fr N AR e L B LR, 9 B ORE Bl ik
FEREAL RERR, HBE P o) A1 SO BRARRE 5 A 38 AS Bk
BN, RRTIT AS B Sh s 2 A sizag A
ApOE /I Bl 3 3 w5 Ml e el R 7 N 5 Tk o A A A
AL Suf R AT R BREAN A SRR I PR T . AR
N SIER ML, BAAME TC, TG 'R ET
(P <0.01) (& 1); BEAYZH /N BB 3= 3 ok i R
BIEHHE, AARH /NI AN E . KEIEIK

Nuclei

MPLNPs

PLGANPs

SR HEAN . PA B 4 BT A A RRBH [ B 45 (] BA),
FO AS AR Tl o 7R LA b AT AR P S AR R
1% (& 5B), 45% 575 MPLNPs 7E 30 ik ik R 1 4k 1
{1 & AR FE R B 55 & T PLGANPs £ blocked MPLNPs;
BB AT E BN ekt i (B 5C), wf
U, PLGANPs & blocked MPLNPs 7£ 57 k& A7 1) 5%
JAE 55, T MPLNPs BAHRILARILE S,
5 VCAM-1 K&k 5 et h B &, il id X586
sRIEHEAT E BT (B 5D), MPLNPs [ Y658 A
PLGANPs ] 5.07 fiz, 28] MPLNPs 7£ 5 kb 547 A 2%
B

Table1l Results of the serum lipid profile in mouse models of
atherosclerosis.  TC: Total cholesterol; TG: Triglyceride; HDL-C:

High-density lipoprotein cholesterol; LDL-C: Low-density lipo-
protein cholesterol. n=3, x+s. ~P<0.01 vscontrol group

Grou TC/ TG/ LDL-C/ HDL-C/
P mol-L? mmol-L* mmol-L™* mmol-L~*
Control 3.15+021 0.35+0.06 092+009 1.34+0.21
Model 23.67+1.12" 1.12+028" 134+024" 082+0.23"

Model

&g
AHT BN adpl BEE 5 VCAM-1
FA) v S R, eI B R IR vk 4 T — M R
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Figure 5 Evaluation of in vivo targeting ability. A: HE staining of the aorta cross-section. The vascular wall was marked by red
circles. B: In vivo fluorescence imaging of NPs in the aorta from ApoE '~ mice treated by PLGANPSs, blocked MPLNPs and MPLNPs
(from left to right) at the indicated time points.  Fluorescence imaging (C) and quantitative results (D) for monitoring the colocalization
of VCAM-1 (green) and Nile red loaded NPs (red). The aorta cross-section was denoted as cell clusters with blue stained nuclei (bar =

100 um). n=3, X+s. ~P<0.01vsPLGANPs
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I [v1) ) Jk 58 5 TR L0 9 A PR A% 1 36 9 KR 4 B A7 A= 326
RS, T REW], MPLNPs X 4521k VCAM-1
BRI 7, ReH ROR ¥ 240 i 2 A A #E 2H
41, Bt BN gH B AN T DL B R LR R R
SLRI Y KR, A B i A S A 2 R 4,
T AF R 31 7 BT 538N 9 LR R 93 F ) o AR
BREE, ST RIS W SR TT, NG BEPUB K A
W T BT T R A HEA
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