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Effect of polymer nanoparticles on atherosclerotic lesions and
the associated mechanisms: a review
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Abstract: Polymer nanoparticles generally refer to hydrophobic polymers-based nanoparticles,
which have been extensively studied in the nanomedicine field due to their good
biocompatibility, efficient long-circulation characteristics, and superior metabolic discharge
patterns over other nanoparticles. Existing studies have proved that polymer nanoparticles
possess unique advantages in the diagnosis and treatment of cardiovascular diseases, and have
been transformed from basic researches to clinical applications, especially in the diagnosis and
treatment of atherosclerosis (AS). However, the inflammatory reaction induced by polymer
nanoparticles would induce the formation of foam cells and autophagy of macrophages. In
addition, the variations in the mechanical microenvironment of cardiovascular diseases may
cause the enrichment of polymer nanoparticles. These could possibly promote the occurrence
and development of AS. Herein, this review summarized the recent application of polymer
nanoparticles in the diagnosis and treatment of AS, as well as the relationship between polymer
nanoparticles and AS and the associated mechanism, with the aim to facilitate the development
of novel nanodrugs for the treatment of AS.
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YK REAE —4ERE _F/NT 100 nm A F0RE
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1 REWAKRTRAE ASKIFE D
I o 6 R A

HHET, 3&ES 2050 NS R (Food and
Drug Administration, FDA)E It HEZ AT T A
WHIEREY, WHRFLR (polylactic acid, PLA), F
FLER-FEIE BRI R W [poly(lactic-co-glycolic acid),
PLGAJSE , X BEIR G WIbH BHE A W) B2 2 U A5 3]
JZ o i B AR pH (E L IR Ot
i A5 BURR ) SR A5 WD AN R ORE , WT S B2 ) ) AR TN
A R, B, REWAR R LE
AS 27 RS T 2 Wy AN R R S5 5 T

1.1 23K
1.1.1 R A EIRAYLE K

UK WA T B Z R RIS R 2 AT, 2
FEIE U AR IR AR AR 2E . AW . MAECIRK
T BRAKAE A B AR T, HEl, FDA
HEHERT PRI SRS YRR (PLA F1 PLGA)E) 12
6 BT A VAt 0 v o T AR 25 Ak R
PRI A hy JEE Atk ) 8L 1 25 245 1T L, i 5 1) [
MRS ERF IR, L, AR 25 P A
ZH L FR B3 A (4 [R]IT  40 BE fi R PR S b 4%
RITRCRD, 54 )8 R SRR, R
B PR ARIORL BT B A AR AR 2R PR
PP S BR A B BR A S R, BONE 20058 38 %t
TR
1.1.2 BEMPNKBRE A BB IRLE AS P BY
ISz A

REMAKITRLNE R 25 I EARAE AS 1297
BN, 2 L) R AL 75300 3 D BRLAZE A s 2
il R G PRI 25 A s ML . 8 R A2 AN L Y
SEAETE AS BEUURFR IR A b ok 7 G5
YEH, Katsuki SE7EREHLE 2L/ N U bk i 5
T 2 A 7 7 FUEL 9% % & (fluorescein isothiocyanate,
FITC)I) PLGA 4 KFokr, i i i =04 e AR 55 F
BOWELE] PLGA YIKPURIAE AS A1 &
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£, RIS AR B ER KR ST PLGA 9Ktk 2 H
ek Az ANt Rk, A5 N PLGA
YH K R 40,3822 85 2% (curcumin, Cur) 1RSI
(bioperine, Bio), #J# Cur-Bio PLGA 4K ik,
1 250 pg/mL f) Cur-Bio PLGA 4t ¥ THP-1 Bk
AT AR B LR AT M 24 h, SR )5 R 6 56 kR
IC AL IS 85 1 (Dil-Ac-LDL)## & 4 h L)
7SR TE Y, &BZ PLGA 40K Ei0k:
B 280 245 0 19 SIS i) R I B 408 AR AV P A A L T 434
H 114 I 4t L b %) UL e K ] i 2 s 2
LR A SR IR AT B, i AS KA R4
i T8 B A S SE PR mRNA KR8, 3 T
AS W EA KRN,

VAR, HA 1R FE 52 2 D RE i 4 M G 22 45
A YRR 2 — oA 355 4 0 A ok i
TR, MRE WK UL ZE LE £ A0 A N
b, ST AR IR P B, R T
S AL 2R 2 3 RN R U ST R ARl il A
BEMIIN 2B . =B i K SO AP E T AS
WS o e I — YU 50K B A R (rapamycin,
RAPV/E Ry “#Z.0 45 #1120 T PLGA 44Kk h
(RAP@PLGA), FEfF¥ RAP@PLGA #K Uk
AL T AR, DA A SEF2r g i A=
1) “R%-5C GER A K I 5 ) (RBC/RAP@PLGA)
2124 o B SRR ) 5 A R WD T I B
4 i X SR G W 4 oK U 1) A WA R[] B 3 i
T AS BH R R AWK B AL R, i R
[ BEHERAL o AEIX I FE A, 4350 FH 21 4 s
FLZEM PLGA 44 KUk FIRR R 1) PLGA 44 K Joikr
FEIK IS/ 48 h J5, & B PR RP 4 RSSO AE 1M
T R B R B 31%A 17%, TR T 41
JEf HEAB M IX — SR 32 = T RBC/RAP@PLGA
YUK FAETE IR R 1 AL, axuef R
E YK BRI AT LLAE AS BEBR N FRER , A Rl
AS kel
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1.2 RFH
1.2.1 U7 AS H0MERTRIER HE

I3 FRARTE AS BRSO AR 2 b (1Y
WK 24 hAE 3 = 2 W BUGAR SC 25 1) RN 4%
SO, AR SRR IR B A S AT
HET, kR 12 W R sh ke & 1 20 /0 i 5%
%A 1 5L JZ 49 5 (computed  tomography,
CT). Wi3L¥R mi14 (magnetic resonance imaging,
MRI). 1EH T & 5 W72 514 (positron emission
tomography, PET)FAS ", (HJE, X2 WAY
1507 XA RBUE | 3 B FR U R S5 T
T4 B HA AN FE RS . Blan, MRI higiE
SR — s PR EAR R 50-180 nm (1AL
SEALERGN K OB, A AR R 10-50 nm /)N 3 )it
AR A RO, XSO R Z R sl A, A
e R, AT DG S (5 FH G KA R R i — 2P
5635, MM HER MRI AP 5 52 551 A g U220
122 BEMMNARMRIEEE AS DI A&

YUK AR B 237 USR] LAFE ] AS KL
Tl A G A3, X ST TR ST DU AS i
s DCHIR . SR, N AR, HET, Z2400F
FE /N A B ISR S S AN R A R X i v Dl B
AS ARG A R 4R
AAC AR BHAR L, RGP AR A AT
A= WA AP F AT B A RE T o A AR A Ak
YA 58 175 B Ji R (hyaluronic acid, HA)5 JH T2
T S hy, il F T BH 5T R 4 K UKL (hyaluronic
acid nanoparticles, HA-NPs), B/ * AS #&
RGeSt ¥Zr-HA-NPs, 47 PET/MRI if%,
K VZr-HA-NPs 2076 AS Fsh bk b (0 cs 1 Lo
Xt HEL1 5 30%, W% HA-NPs HA R AR AS
e, AT AS HHOCHRAER) PET & . bS5
il HA-NPs 4b3 APOE” /N, %% HA-NPs
AT LABH 52980/ APOE /N BB B v s 40t Fr 450
i, UEH] HA-NPs 76 AS Hid B3 B4 Pt R4
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AP BAEMIEEH “Cu bric BA RIFEYH
A HH R NIEIRER O ZBEERIL R Y 5 C BLG F A
#H[KF-(C-type atrial natriuretic factor, CANF)Z% &
SRR PO BRN T AS /NI, CANF
T A8 i) 250 ) K BBk B 45 A AR ) ——CANF i
BRaZIR, 54 25% CANF HI48 K ok A4 T ICHe
] D REAI G KRR £ 455 T PET ARG R )
FESPERRBUERY, HEAh, Keliher 4 T —
i PET /R 57) Macroflor, X AS #5178 B i flik
THF(19 425 000+6 179 000) Bq Macroflor 120 min
J& . PET/CT BUGARTS B FR E 5 OE 2 2538

LRSI 2 H 55 R D B 3 67 i i P . Bl S
FIFH Macroflor ¢ PET 5 MRI 454G KM AS
9 748 Hh R kR L AL B ) AEAERE DL, IR DAL
Sk H By B A AR R AR AL, el AS AR 1Y
P H—A#F5EH, CHEN ZJF % T Al H
B->F- FLWHTT i (B-galactosidase, P-Gal)ifh AYULLT
SISO A AR ST (BOD-L-AGal-NPs), ZIR4%T#idt
BETE PLGA il 25 AR R AZ o rpr, SR B
T LA - 45 IL4N it (vascular smooth muscle
cells, VSMCs)Hl VECs 4 TAU% . i i 7E ApoE ™"
/NERU R bk i 7 BOD-L-BGal-NPs J&, WM%%
F) ApoE /N BRI BE /N B =2 [] 1) 3 21 41 e we
HAGSAATE R 225, UL UE I 90 K BURL A
DXt AS /NRE I EMMANKE RFEHIT T
BUR o IX I GE S BT — Tt (4 5 3 R A DU o
ERGED SEBAHN AS FIHM, 7E AS Al
HCAth 3 2R DG 1 RIS W ARG T T B
SP NI

2 REMH/ABAE £HEHHE
Z |& By BAE A

REWANAFRLIEA YIRS 5400 41
G2 A AR B AR PG T B A AR B i i Ao
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A A G K SO I R 1 2 1B DIAROG , 2R
PHIREE P RN AN R A KT0RE I B 2
F BT 1Y RE T AN 58 A R] 42 T SR FRATTHE AR
WOk ADUAR IS 58 A A G I8 R ek,
55 A FEREE B A AR R X AS 250 1A 950 1 52
M A T25IR .
21 EAWE

2007 4 Dawson Fll Linse ZE3L[R48H T <%
HE X —MEE, sk TR TAEE 26
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FERT f T AR PR 4% R R 1 AR B R
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THORIURL A I RN AR SR, T
HARRL I AR PR MOk 2 i W W,

SHARPRLIE AR IR SR FUR S , 2552 m oK
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P IR A A 7 A — S R P, A, e H
AR E 2R TR TR A B 0 UL A R S e R

@ Blood coagulation
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Nanoparticles enter the body to form a protein crown and the associated physiological reactions.
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M EARG, RS TR R
B ANZ, S EN AR 4 5 ) PR RRAR , 00 T ) 55
HABFFRCERPY,

AR, ME A& R TRIUKE
B, 2 S T S A R K O =2 ] ) R e HE
71, FEGRITRAN BT R AR R MR
JOT ) B ST N, IR O, AR () 2R 1T
AT DA AR 08 1 28 1 5 E 2 TR U Y A
I, AR AIURE & AE A AR 25 B BRI
SN o & DA £ 195 | A8 Ry 1 A AP Sk A Sl 8
FH I, o 290 DK AT B i) o 2% 2 B SO 6 2
L T R — T Bk % A A5 3 R R 40 oK
RORIF IR P, RA 0.7%M40 KBk 23540
)R, X AR A ] R 2 A K R 1T 174 1 i) P 4%
PR R I R, (AR S ) 2 AR R 5 5
W2 F AT

R T B ORI (A T M TR A
xR I A AR R i AR R 25 A 0 A
R AN, A3 5T 338 2 B Aok BokL 5 1 4+
P Bk Y E A A B A5 AR, SRR
SRG U BASE H I Re 8 e s 23
TS K FIURE 55 P LR HR B PSR LA
BF7 1 W3 A4 L 355 R KRR, ] s s £ 1 40K
SR P A i
22 EQESHEERENHEEER

I3 AR RS A a1 000 FREE
J, DK S AN A U A 2 ok B i A B AR
SIS =) it WY REE P R v FER (P R
ANFE AR FLIRE, B E AU 5] 90T
AN (10515 W IR S Lot o S AN P Y 1 SRS
T, 4 A A% £8 G % 5 2 et TP BOE AR G, Il
V8 H ) R B 2T LA RO T 2 K SR 0 20
PR RO T B B K Ok O X R A
. MIARET . gk kL A 20 R T B S S A0
A 2 fi , 8 K OB  A LEE | ig Jo L53 )2 1Y
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AHEAE FH 52 9 2K SORE 25 T80 A, far AR oo HE AR S
FRI 5 R 81T 24 A K R 2 T B R
.25 52 ) H 55 A0 BB | B B 343+ 2 A A
o RE YA b= 2 TR R M NI
P, 765 BRI UM B AR T AT s e 1R e Y
SER NI T o X — R aT T R R AR
BANKIURL , AR R 25 )38 3% A R 1] 1k

FAE 2004 4E AATREOCTE B A0K Uk i T
SR /N P A8 T A W 114 4 4 e ) R 940
RA W ah K BURL2R T R e T AT RE 25 51
O MmE RGERER T . CAVIRRY, K&
Wy 9l >K Ji K [poly(ethylene glycol)(PEG)-b-poly
(e-caprolactone)(PCL), PEG-b-PCL]X} Bt & £ it
Jif & B BOH A I A B AR S RN R, B
PEG-b-PCL PV FEF 7, W8T A il & i 4 il 4
R B8R 38 3 400 ) 09 S DR g 1) 2 11 PS3 T
J&i &L PEG-b-PCL NPT THBE D 4 B GG,
FKU'T PEG-b-PCL i 2 G P53 AR 1) 41 At )
T BRE A ) ot 5 A Y AT BB VR FIBIL A
Y —FEWE ) PEG-b-PCL A MG , 5
PEG-b-PCL Z5GIE i, P& PEG-b-PCL
VR BE T, 5 1 e T IV % 4% B A
i, EASCHE AT P53 AKEA AR TR
&, HETTAI B 5 o A A 2R i Ak,
T2 TR AR TR RO SR G K R
TER I SZ I, A BFSE T & T 10000 3R A 40 K
A Py R T PR vk, R B (R ES A o )
SR S Z MR R IE T RS
Py oK ORL 55 28 1 245 A R FU AT DL R R
iRz 12,

3 REMARTRX ASHE R
i) B A K LR
AS LA LN, AT Z
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Z IR AS IR A: K 5 RIE . AN
B 12 PRI A D AR O, T h oK AR
AMUARE AT LAS R S [ 2R 80 AS. T alifik
53 3 Ab 2RI AR AR ) i I B ) 2 PR R AS KRR
PP — AN E S A, M )2 O R e 2y
SRR & 4, I AS kR, Mk
TTHE RGP A A UL R AS i 228 5% 1) 1) AH DG AL
MIEIFieIA
3.1 SRIERMER

RAESE AS P & A Jg 1) 2 BR ALl
25| R MAE AL P RERRE AT o 75 AS k8 By f 72
T, S 2R RAE AN ERAZ AN . BRI
NER4ML . FARSE)Z Sikk, Rfdss™4:
WZRAERFHANER 6. Fr & 8 A
FEIHF-45), XSS K F AL [F ALl AS B
KAEFNRE BRI R T VECs HO4H il
JEE b, 25 i 2 25 R AL 5 2 0 1 23k SR
Y, SR AAZANNES VECs MIZEMT, M iE it
MAERE, H—L b E VR, S350 AS 1k
A, GOKEURLIE AT LA A R E BN R 2R A
Wi, RAESN I, ek AS &M,

REWAAIIRL 23 5 | AL TE KT [ 55 2
AL S8 W A0 B o A Ay, 2R T 5 S IR 2
WO S, B, 1 ApoE /N BUER kR SRy
PLGA A KBRIAI7E AS B s 4L, Tk
AS BEHUTE . TER AR IEAY ApoE /ML AS
YR R K PLGA 40K S0k 12 JA],
Bz C57T /NRATRELL, WEIEHE T AS AT
B, JFTEBEIERA R A, H 5 RAERICY) CD68
1 CD11b HEfr, X —45 KK PLGA 44K
R T 2R R, 5 RIE SN B YIAH G
AS H LA ERRAIE 2 — & B WA A S A B
S HE 2 H(oxidized low-density lipoprotein, Ox-LDL)
IR [ P i 2 R AR R IR L A IR A B . 20
SCEREE I — R, PLGA 9 RS0k FT fff
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A PLGA 90K UKL (PLGA nanoparticles
with protein crown, PLGA Nps+PC)XJHE# E I
AR I Raw264.7 1%, {28 Raw264.7
20 1) Y IR 20 5% 1L, H. PLGA NPs+PC 1 fie F
YER 25 T PLGA 9Kk, 4R BT B iy
A M AR A S B A A 1 6 UK 20 AR e Ak A
R E EEAEH, R AS 1y & RN,

TERFEARATT , 078 2H 205 Bl 0% 40 i e ]
PR LIR AN . 5 A BE B, A A
4 90K WKL (Au nanoparticles, Au NPs)J5, A
5 G P A M B AL, ST 9 0E TR I R AR HE X
T AR BRBE T, @ 7E AuNPs bR 2R
C g & Le il (polyvinyl pyrrolidone, PVP), %
N 5 BR (polyacrylic acid, PAA) IR & I WV &
(polyethyleneimine, PEI)iX 3 Fi &4, T Au
NPs A[FBYR A HL AT, 7] LA RREE Au NPs Xf
RS R SRR R Y, A, REY
YRR URE I ] AT Ak AP 20 e ) 5 25 1 il
HE T 43 i e B VRN A I R 1T, fiff VECs il
FENCRESZ L, IR SR AMA RS | BE D) RE A
I FEATAE G L RIERN, INE AS BEHE
AR E S,
32 SEMEHMEX

AL RO O I8 R GE ) RE S5 Y T
IS, e AR BRI, /i 4 33 1 4 (reactive
oxygen species, ROS)XJHLIA IE & 24 #5119,
M3 59 ROS 23 5 B0l 8 4 M A 1% 28 11 ikt
WA F , 7R A AR W, T
BAS MR . AOKRRURL e R TIAUR, HAR I
TERZ B A YGRS B A 206 30 R Se i
AR B G K Ok AT 355 57 A2 ROS 45 H H 2,
TN A SPAEL RS, SRS R PUE
[ RE NI &) | e O E =R AT §a AN
K ROS A0 AN R E BE R, T
LA A L Wk 4 A eV 2% 38 s 2 11 0 T I R



S S/ A MK IR SRR A TN R RSB R

M, FZAR AS BRAERIR P, BEah,
ROS TEA ML 1y d it RS A3 L 54 Ko+
JNE, B M RN SR AR B sz 40t B MG
AHOC B B D RE kS , [ 9R BORL 25 2 itk A
YR RNZRLAR N, PR AR, S
PN Y SR £ Sl Y, 2 s b AR
T (mitosolysis-activates protein kinase, MAPK)
1% A ¥ NF-xB (nuclear factor-kappa B, NF-xB) .,
P53 %, 5|k VECs Jifighets, S8 —A %"
HAZRH, #E— R ME ST AR IRe M, Stk AS
1 & 31,
3.3 S5 BMEHEX

H W5 2R A O¢, AL HEIRE AL 148
Y. 5 AS W, I8 4 B AR AT LA 5
Pota TR R, (HId BB ™ A 1 3 A
FAFT RE2:'5: 30 VECs Al VSMCs %5 Ifil & 41 it (1 5E
T2, SUEBEHME, JEmE- otk oI SER
KPS flhn, AU E R 3-H 3R S
(3-methyladenine, 3-MA)al siRNA i i] F BEAH
51 5 (autophagy-related proteins 5, ATGS)HJ H
I 2 BHL AR 0045 9 B2 A2 K Rl F~(vascular endothelial
growth factor, VEGF)IfE R I A8, T ATGS
1 F KT T A b i A T, —
M5, QORI B A0 A S I A s,
TS S B W A R 1 e, 1T L4 oK B0 (%) R ST
WL 2520 1 S, 3K P RERR RS T B MRl A
FE P FIURLIE 2 N K R TR SRR RSP, i
Hh, GEKBRIAE BRIRN R R, STz
. AHMOEERR G, T A WA S v R Y
A0, FGE, BIFEE R RS YRR A
% RAP HEALAIWEAE 1-(palmitoyl)-2-(5-keto-6-
octene-dioyl) phosphatidylcholine[KOdia-PC] 2k
IRIT AS. LN B WEAN M A IE A A, Y
E g4I Nano (A7 KOdia-PC)Fll KP-Nano
(5 KOdia-PC)JAETE I VA 1 pg/mL ¥R E AL
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X PRI K ORI AE 2 h J5 Y RE B B 2 it N 4k
{HALEE 4 h J5 KP-Nano (40 I ACFE B B 5, B
L2 B 25N AE 5 57 1 B WA bt BB PR Fr LT
PE o B S B SE LR B 12 2R 5 W0 A0 K SR AS (L Dk
BTEEARALE AW, IF A RRE T A
ST A Y X R X R A N
KIBURL Y 38 S B M sl i , AT LA SRS Wik
RN A S AR B W AR S T TR
AS WA
3.4 ASHIBMMRMRENNFRER

Pober il Cotran S45 -4 AS & Jw 5 1ML
BYYIR J1A Y BT, SRR IR AS KR
HBA 32 B T I AR AR K TR, e An7E R
S I A A 3 SRR B IS S A Y AS BB
TE B , BeZs 1 3l kOGS I 3 8 S 2 7 A
o, NSRS, BRI AS B &R
R HAG SRy A0

SR, HAUKFRHE AKN G, FELEH
TEREZERT X0, O A 050 & B e i P4 45 |
AN B BEBR D RE Sz 40, (AR HAA KA W A
IR () G4 K JIURE B 45 ) 35 3 N B e B O AR R
TERRBEIX IR, 1 H 3R A 0 40 K AR 2 g LA
W5y, i RENRRN R IRE . MR
(14 20 K R 2 52 3 S VI A1, AR BT )
N TR BLshim AR sh AR b 5 2 Y VECs A=
PRI REAS LA 5 5 AN K RIURLTE I R S A9 28 7
It H KUk 23 0 Se 3R 4R TAREY Y0y ) s 3l
DA AR o @ T 0 e I A 1 0 Y e
A3 625 Ty B AR A 145 3 SURINVES il () I8 ¥
WXk, FFWHZAL R VECs FRfmg, 3 T4
L A1 258 94 P A 1 901 0K 24 0 s ik R G A O J R
PR AERRS LR, FF 0T DT 2 2 1y 5
HEWINKZIYIRIRIT AS, Ik, BEWAK
R 5 240 i = 18] B AR B R R AN 3Z i i 8 T 2
P, SYI o AR, HE R, (K
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YT AP i X UE AS IEF AL, Hirh
VECs. VSMCs 5E WSS T AS MAER
J&. I, MREMARTRLES KNG, &
RALTE AS BEHERA, 59WZER) VECs. VSMCs
ME g M AH EAEH, ol ek — 2 B8R AE
N\ PN T RE R i AR A (AT o, e 22
AS R RE

4 RZ

B SR 5 0 A K 245 0 A TR B A S 1) 1R
I 551 A Al Ry TR 1% A D40, Ok 22 7
WF5E & A R TAE & i B e X AR e fE
L BIRIBA YN KR —Fh ] R AR B S RETE
maTANEE Y, BA RIFEYMEENE,
F SRS WYUK SR B 2l id FDA UGIE, 4
PLA. PLGA 5. {H/ZiX 255 WKk ik 4% il
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