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[ ABSTRACT ]

matous plaque in the arterial wall and subsequent narrowing of the arteries, and it is one of the major causes of the high

Atherosclerosis is a complicated pathophysiological process characterized by the accumulation of athero-
mortality and disability in cardiovascular disease. The initiation and progression of atherosclerosis is a chronic
degenerative process with complicated mechanisms involving multiple cells and molecules.  Oxidative stress, a series of a-
daptive responses caused by the imbalance between reactive oxygen species and antioxidant system, is considered as one of
the crucial mechanisms in the development of atherosclerosis.  This review presents the relationship between oxidative
stress and atherosclerosis from the perspective of the different sources of reactive oxygen species in the organism, summari-

zes the effects of oxidative stress on different cells, biomolecules and biological processes in atherosclerosis, and briefly de-

scribes the clinical research and applications of antioxidant agents in the treatment of atherosclerosis.
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Figure 1. The role of oxidative stress in atherosclerosis
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NOX1 7EA= B 25 A T Fe b KU, 77 A B Ak
KA 0, 7, As H NOXT ik T . Ah, NOXI
2 5 M8 F W UL40 B (vascular smooth muscle
cells, VSMC) RIE RS FIIEFE 40 N A1k 0 14 77 A 148
YiJe A PR B, NOX2 38076 T 22 26 1 I
CL( protein kinase CL,PKCL) /~S1Y p67™ B4,
X B BTN A P AR R A2 ZAREOE
0, LW, ELILEF NOX2 75 As F1Z0 kiR (7
ik P, NOX4 FE A H,0,, Z A %K
1T (angiotensin Il , Ang Il ) LA HE S A F 1o Il
IR PE A K A F ( platelet-derived growth factor,
PDGF) &5 75 , 0 52 Wil IfiL 45 9 5K B8 7 . N B¢ 400 Jf i)
WEFEFN DI REVA T . NOX4 18t 1 Bk 2 mT 8 ik 2% i
B2 132K (low density lipoprotein receptor, LDLR)
RS /N A rh As BEHR B (EAS — R,
NOX4 7 As BERE H Al LU D 98 F1 45 55 98 19 1
PR, X0 4 R G B —E R RO
Ab, B 2R IE 1 NOX4 B i eNOS A A #E if 4 Az AR
RS (IR . NOXS A7 T 14 J 40 11 4%
JH P K2 VSMC B L, 5 FC A L4 NOX AN,
NOXS HAT PRy 4 28 K iy 5 ) 28 R 45 40 38, AT 5
Ca” B8 ML Ca® U Ty A 3 ROS 1197 4= 2k 1]
WINEDRE, A AT R, 5.0k B e R 3h ik
NOX5 f) 3 F Al mRNA K-8 0E 5 234, B
IMAERE ROS Y7 A 0 H As B EEFEJE 5 NOXS5 11
IR BFEMOC, RRWIAE As (1980 b A 4 Hi 2L
fEFT Ak, NOX-ROS 34 A LA A RhoA , I
5 WLER AH SCH 53% PR 1 B JBORI 1M Y 52 1z PRl 1Y
s TS P UL o LB A, 1755 VSMC 41
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SR PR /N LR B LR ROS AR

ADUFHE I XO 76 As PAYEEAEH . 76 As
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1,LOX-1) 1 CD36 ik, B ROS Y77 4k, I it
LOX-1/NLRP3 i& 215 SR AL B, XO 1138 5
P 750 S50 M /D B T BTG E B S i R AL
IO RO B WL BE 72 T v R e A R R 2 1Y
PN B T RE AT, A, AT A B AT REHR 30 ik A XU J T
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WFFEXT I A WL E PRI 5 1 2R e VP4 25 25 43 BT b
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CVD AR, 5w, Ak LDL AR (£ %
SEBENR ) W A A i, 38 3 RN e A R T 2
(ka0 PR - RN 20 A PR R 175 S I A8 Ak, DT 3K
FUALRRBEYG N R AR S5 4R iF RS, 2 LDL
Bt — DA, Bl 5 1 B100 W&, ox-LDL
ANFEHE LDLR R 5, 1M J2& 5 1 18 % 52 1K ( scavenger
receptor, SR) ;= Az 5 BE IR R, HaX — i BTG £
TBILR 3505 W 2 A e ] e R SR AR, B G
RAAL, Ak, 78 LDL (9 4 Ak 72 ] 7 4 H,0,
U BURE ST 4, U 4-HNE |5 [ 55 | 3k 26 7= 4y 3k
— 5 IR 1 B100 Y 20 5 S vy T s AL A i &
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Wi K3z v, SR-A T EUAN T, cD36 Al
LOX-1 BA 0 6 4% 8 2AE T, 45 5% LOX-1 Y 1
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TR AL TE 1, 38 AT A 32 DY) B ) 66 B i | fim 8 1N J2
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12 % BB 2 1 (high density lipoprotein, HDL) A9
FEEAFRT ABIRER A T, A B
J&5 , HDL A5 1% H [i] s DA A7 Ji) 25 22 48 1) JHF 1 2 1)
FeIm RE I RRAIR , PUA R T B, T 9855 1 HDL 78
As BAR PRI E R . BRILZ A, S
HDL i Al 5 0% NADPH AL BEA S VSMC 345
LR T CD36 32 14N 22 24 )5 1% Ak 25 11 it 3
6, B B AN O AN
2.2 SARHXE BRI RN

B EALE A7 Y (advanced oxidative protein
product, AOPP ) J2& £ H it & AL i 55 058 80 A= W ks
Yy, doJe— 2B BLAAE A BT, 2 th B A AL W) il TP
) HOCL AL ™ £, AOPP fIE 2 AN Al
R AN BEREE 7K A i 42 B K il sl 4 A2 3R C RN
AT IR A5 BT A A R 3 5L, 29 5l ok P v 5 J5E 2
5 AOPP 7K1 IEAHIE, 278 AOPP /K-F- T i T fiE
RUFE R As U8, L35 HABOFFE S5 2R, K
AOPP JKFAL As 195 JEBY BE# VIR OG , AT HAE As
() SR AR ) Ak S SR PO A 5

AOPP T ZFHLEI 2 5 As ML M., HIE,
AOPP 1A AACH AT BES S S /L4 40 O, (H, 0, Al
OH™ 17 A, U5 3 N B D BB R 4% ; [W] I ROS 7] LU fig
it A AL AOPP , SECEAL BBT HR K, T
FHPTEEALTINT AOPP 1755 1 S AL 15 1 A0 B335 P e
GRS T —E MR ER . H, AOPP ] LI &
RAEANM I A5 B, R0 L 7 (40 SDF-1a F11
MCP-1) %15, Ife St BE B . ), AOPP i ]
PUMBCHZE AL T As B ERR . (9140, AOPP i it
T ATP 454 &2 #5 H ( ATP-binding cassette pro-
tein, ABC) Al Fll G1 ZEEIRIKE 1 ApoE-KO /MR
ik HEMAR BB SR IT ARk As & Jt 5 DU K ik
il SR-B 1 475 14 i 5 P2 iR A 1 I T st 1) e i
SEACHIETL,

WEAh, B O BE A — i DL B A Tl S AL B
PRI, gl 2 B A I A MR S 2 —
TEVEZH 4, 2012 V) S A0 B 8 AT 2 1 o
AL AR R . BRI A b 2Rk GSH-S #
Rl PR 220 =R IEEMH (ETC T REAI S
S BE R AR O 1Y) il A 1 5T A i A 16 i, A
T3 350 W2 52 4 B P, A7 o AP 0 R 4 1k 9 7 A 38
i, Horp ROS S EEORARE F I, E— P51
ROS J+#%

B2 AR AR Bl kg B8 8 E B A bR
ARWAKCVHR 2 T T XS B, #2275 AOPP 11
TR 1 08 A A5 2 1 o 4R Al itk e 2 SR

BT As WHEELIRZ —
2.3 |ALAEXT DNA By%2 0

DNA 455 W2 F LIS As HHOCHY B 2Pk
Z—o DNA #ith Ry Z FIE 2, 035 B sk W 2L |
VR W 2R8B80 A6 T A0 i I 45, G v B A6 A 1)
o ROS A AL N T o S IR BG4
A 5 ATk — B AR e 55 , 24 B ROS [ p i
Yo 5 8 s B, 7 A 8- -840 S RS
(8-dihydro-8-oxyguanine , 8-oxoG ) . 8-#% 3-2-JIji %A
1 ( 8-hydroxy-2’-deoxyguanosine , 8-OH-dG ) 4§ il &
W), BN et DNA B0 LR HE 4R L 5
fEHEsZ {E A L, CVD 35 19 8-OH-dG 7K 4,
HY5 CVD Z A 7E i 35 EARSC™) . R SE 24
JAJG  HEPERTPE 22 B As BESR 7R DNA $5i4ibm i
Yy 8-0x0G K- THi, I 77 4 2 T AE BURZS #Y DNA
FEWTRL K AT L AR R £ 5 00 1 4 SR,
SEALTE DNA B4 R R RRAR

DNA S Ak 45475 2 30 Sy J s g el 5 v PR A £
WA 242 T . ROS @i DNA #5471 DNA F LA
i ( DNA methyltransferase, DNMT) 1 7% P % 28 b
S DNA HEEALAY AR AL, A AT 5 IR B i s e 1 522
FALTT B FABFEK 90% . [FIE, DNA A4
Yibrii#) 8-OH-dG I XF DNA 1 SRS 72 £y
I, 520 DNMT Y ZRE. 1l DNMT I 4 4922
EFEZ i H,0, V5T, JLAEAS MU DNA f TSR AL AL
Ko 18 As EMTEOL T il DNMT1 5 44 44 5 i)
545 H,0, 1T DLk AR b i WE - R - 5 152 RS (cytosine-
phosphate-guanine , CpG ) {37 15 i) H JEARIRZS . LAk,
SOD2 & i i # i) DNA HYEfL 51k VSMC 1§ 4,
5 As &,

BRIt 2 A1, 2 ki /& DNA ( mitochondrial NDA,
mtDNA ) it = 48 1 H 5 5 7 A S il B iR A i 58
A5 SIF IR AE D) RERSR A ROS P AR S YIMISE, AT
FEUEHIAMIEE ROS LAS AR 7 205 2 mtDNA
I miDNA G i 1 HE LG ST 3 As AR
H H A mDNA 5T 7R, HE 28 miDNA R85
As ZBVFAAEIEARSC B RT AT B8 2 24 E W 4 i 5 A
HZRAR A WEERFE A OC I mtDNA S8 &4 it (1
LDL UKL | FES Y L Wt 40 X2 58 S AN 23 TR | Tl
ARLLIEA TR BB SR G R I 2 3 kA R R ¢
TS LRI RAE IF A A Z B RBUARR , F2
As JH7Z
2.4 FHMHEREFEENZM

TE As b B, AL U S R 16 P s
EE| T EEMEH, A5G ROS HE T A LB i FiiE
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R LA B, A% F kB (nuclear
factor-kB ,NF-kB) Fllif fb 2 H 1 (activator protein-1,
AP-1) S 32 A i 1) 2255 A -, ROS J
DU H 0 NF-«B 1 45 5 P 2 e =0 R A 41 o) H:
DNA Z55 6877, IF FEBERR 7> NF-«B 4 BEH AR LT
REAIR A s 1, AN H, 0, e r] RAER /3385 IkBa 1Y
PRI SZBE NF-kB 15 4LTH 1Y, [N ik ROS X NF-«B
YR A XA M, NF-kB Al {23k P 2 40 b 24
g8 F1 AR B B 5L DA [ 20 i 45 20 B 26 B 0 1 1
(vascular cell adhesion molecule-1, VCAM-1) MCP-1
I E-BefE K 9 %KIA, AP-1 2 H c-Fos, c-Jun FIif
A S PR R R 2H I Y S R — SRR PTG o i 4 22
T LA 1) 2R35 2 5 20 M Y S8 0E SO 2 2L 0 AR
K=, PR At A S S ] NF-«B A 20 F AR
JE ApoE™ /NI As BEHR  HALHI S 26RO 5 e R
AR A /e A PR T 0 2R T e UM B 4 i 5 4R
WA

i A AR 5 0 A2 A ( peroxisome pro-
liferator-activated receptor, PPAR) HAZ I & Z KK
TG si PR 7 2H R, 2 55 TEC A AR 11 2 Sy PR 1 16 12
AR RIS, ZE R SR A6 2 A A Qs PR SC B E T . Bl
AR BT, AE A0 P Y PPAR AT 8 8L 1B A 1Y
BRI FR BRI AT , UEBH PPAR J2 I 45 b 4 fk ik I
HUREE SR 915 5 As R B FMAE kA R TR

3 As XM PRSI NHIER

3.1 S|ACRERT I E P B 20 B A 22 0

148 P9 R T RE B A58 5 9 2 As T B G
SRERTT IS PN B AN Y R Y B AN i 2 e
RN IR 5 A RE Ay T Y X — BB AR B
Us 7, 3% LDL ANE & H i =g A9 05 8 iR £
5| P B A0 B %ot AP o7 98 ) T B, R P R R
E-%E#EF  VCAM-1 FIZHARE F5 B 53+ 1 (intercellular
adhesion molecule-1,ICAM-1) Z& &5 Fft B 7 2 ik 3 55
AT 1 B A2 20 g HC il P 40 R0 ks A 7 (i
CCR2 Fl1 CCR5) MZEM , S BEHIE

VAR D BE BR3P NO 9 2 R
A, NO S —Fp A7 200 PR il 48 5 5k ), vT LA
7 Lk i/ 285 B R R 4R 38 R DB 1k 4R R 43 (i
NF-kB) BB 4>F ICAM-1 Fl VCAM-1 fy 33k,
RIPTIE , eNOS REFAMIKIH T NO 1=, Xk
A FH AT S S50 A e S ek 5 A A B o /)
M BRAE 15 ISR N 2 AR BEVE T 02 i2F VSMC i3

FEAERS , AR 2 AR JE B, 5 BE R, NOX 5
NO M EAEF ™= A= B 4k 77 ONOO™ HoA iy ) i 1,
ARG 5K FAEAER, iE b i 4r F &
RIS B (40 eNOS) | 5 5 HR TG 18 52 e
i S IV TR A I 3K

ox-LDL 7E As KAEM R B HAHEE R X,
FAZR LOX-1 A RS AR 1 25 40 i rhoks 2
TR/ S S R W B (R I8 1, T g S A AR TR A IR
L-KE &R, 7E 1M R I eNOS, fi 1 P Jz A Ak B 3
ox-LDL #£ % 5 NF-xB 9% 5% , 38 0 oA 5z 248 e v 266
PRI NI BN D RERER . ox-LDL 3
T MCP-1 B3R 38, X A7 B T ER A2 4 i S5 4 Jn ik
As JEFE

AN A AT D R) 4295 S N B 405, o R
ik PPARy TGRSR 2 /KT, %R BRI A 9
YT T ox-LDL Hil 3 , WLZE 2] PPARy #8075 VU A%
SR AT 12 P75 eNOS I PRI LOX-1 5 5% 344
P A 552 ox-LDL {ZE Y, BLAh, AMP 15 fb 2R
H 4 % ( AMP-activated protein kinase, AMPK ) A 7£
A FE 1075 20 B 1) L 40 B mP R NOX | 7 T B
I A8 AT A3 DL K N Rz 1) 6 s i T LA B B
FH i —26 AMPK B0 R (Al T2 254 ) 7l el iy
K UIRETAE—E R L As,

PRI 28 32 F Bl 107 400 B 2B A S — B e R
BB P E O O B PR B AR A R
TR AR T FZAEH], A B9 WS 3 BAIK
KB BRECER AT LU 538 As KU, PRI IRER R
K5 RAE EAL N R ARG, RN R i,

gI¢ 2 Al DL ok #1056 B9 IR A I 7 o (tumour
necrosis factor-a, TNF-a ) /i 5 ) NF-«B ¥G 463K T A
ZHIHF (A ICAM-1) B 3k, 8 7] DL i AMPK
KN ser1 177 Ak eNOS HYBEFER fL3E58 eNOS T, LA
SRR, BRI BRI R AE TR As Hh R HEE %
YEM .
3.2 FAC Rz M & F 8 AL Y N

MG, VSMC M “ W45 7 e 7 22 oAb i ol
A LT FRAY IR RS H YR A (], 14 FE 68 ) 34
JE o A LA S5 A AR AP PR LR 4R 2 As SFT 2
CVD MHHIE, F5E R BT, ROS A2 #E VSMC Hi5H ,
HAT - S E A K R F X VSMC 7P A: 8 a/E
filtn , H,0, {2 5 Ik | Ang Il 55 B934, T O 4
T2 5 Bl DR PR BB S 1Y VSMC 55, ROS 113
BEAE T LA 3o 800 A [R) B {5 5l R SE B, 0
Wik ERK1/2 Pl PKC A% 15 1k fil i VSMC 1
B SRIRER A SR Ok N A R T 43
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B> T EEE  FE H,0, XF VSMC RYBE 8 3] T ke
SEPEET . BEAR, ROS 114 BE R IR Y545 7] 5E 52
VSMC 15 : H,0, 7E 200 wmol/L &£ T 55 VSMC
H45E {HFE 100 pmol /L Bsf WIS S 28 SR L 6 K afi
A E I RO AR AR A NOX AR i, HAp
i) 28 1 2% AT/ VSMC 3T 8%, $E78 NOX /& VSMC
TR {5 5 38 B b py & 2 T, Hoh NOXT {2 i
PDGF ## F H,0, 4+ S VSMC i #™7, si/r i
i NOX-AKT-SVV RG4S,

BEAR, ROS 7E VSMC 1) 4t i J& 39 v o e 3] o 22
VEFH, A4 f 2 /0% T, T 40 i 5 /8 TR &
feidt As BEE L, BF5ER W], ROS 7 NO 5 5 1Y
VSMC T 72 B A, 38 5 I Sestrin 2 4
) ROS 75 BREFAR VSMC /T, 122 5 it v] 38 o 17
il ROS 5% Wi 240 Jd J& 301 % 0 55 VSMC 1Y 3 B 4
B0 AR —45 A7 B R EE, W S Ak SR Y i
FIR L BT XA ROS 7= A 94l 2 ik & = sl ik -F
Ve LA R P O T Al T AR R g do — A R
R FRFEAL ROS /KP4 T 2RI &5 8, (HiX
Sedr AR 4 T 9987 JEL At 200 B (2 bk L 48 A
PREETCATIALAE N K ) AR T, #2718 ROS AIAEH]
IREAETEAN RS Stk . BT 22, i S g g i T
i VSMC ROS £ As PRES ¥ AE 25 4k
3.3 SALRIEX S 40 B Y B2 N

FERRPENLHIZ As KL, W 5 St
PRI ZZAK (pattern recognition receptor, PRR) % 7%
MG E L FE A5 T I 200 i R B 2 0k 40 it A7 7
TS KA FHT P9 B b, I8 PRR Y Toll A 52 14
(Toll-like receptor, TLR ) BCAAFNIE 18 ¢ 52 (R34 1% , 7
As WA K Sl s S EAE ], Horb I IE R 2K
Al AL ox-LDL kL, 510 SR-ATFI SR-AIL, MARCO ,
LOX-1 il CD36 45, i AT Y AL T A 9 3 D Bl e )it 2
B AR, B mEAE )Tz KAk TLR 446 TLR1
TLR2 , TLR4 , TLR5 & TLR7 %%, MyD88 1F iy £ ¥
TLR {55 Ry H )R 2 50T As, A5
FIYfA R 1 F 18 2R PG5 4% 5, AR
FW, MR ELG I TLRS 78 A N B2 40 i v 223k 16
AR IFAE IE B2 A M- P9 B2 G B PT B2 As R A1
K b A BB ox-LDL K H4H 43t AT DA i 43
TLR, il & M N AR5 B N, 5 3wt 12 48 0T 1)
— RYVIEH MR, G0 R il R | ]
WOy 145 N As #ERR AN BRI T —
FEEEATRESE FH NOX2 HE5m 5 & ny it B2 A5 R,
AR5 300 INK RRSETE Ak, AT T I 20 i 08 -
¥ 1gE SRE sk AR (/K V- e n] i3 e 4 iy

PRI, 5 As BEIN G EAE, & Fh As BEBLAY K
] R I A A AR, TR A TR 4T A M T A Ass
(22 JE  F ok 4 i B AR AR 5 A8 TR AR A L (B BLF
30 8 PR 240 Y A1 7 B R o 4 e R 1 1Y A
WA HE P B ARl 0 AU AR R TR AT im0
o0 A A1 B BE B 2 B, I /N BB h bk o
R,

AN, 7E As WA SPUR T 4HAE A B 40 f AR Bk
TEBA X Ut B A BT R i, HBEEe b [ A7 B 40
HEAN T 400, X487 As 5 H SRR AR, &
T —SehF 5T R B, Sk AR TR R ROS 7E B B SO P
T 403 A Al BE T 4RS00 B S P
TR AERAR | T mtROS SJ2 As 1 ROS f 385k
U8, AL S As TS S RE R A R R AE T
— B R R

4 mELES As KIBHETHAR

MURNPL AL RS HDL B A B F Pt
ARRGAE R 30« v R sk BH DR £k L R BIL R Y 4
i, X A B A S BRI Y — R BR A
B FE M NIRRT A E A
e, FE W ANEPEDU AR LB, FE B Y T
F 4G i AL S SOD | i M 4 AL 34 5 i ( perox-
iredoxin, Prx) 2Bt H K S ALY ( glutathione per-
oxidase,GPx) 4%, Prx 2 HA P MAMREENEH
JoT, AT s/ R A sk AR i B A A A Rt A
MEAHRRER , LAVA 15 HLAAR P9 40 AL R AR AR . Prx
B alNE ApoE ™ /NG As™? . BEAh, GPx Tl
A H R A S A D6 H IR B e, IF4 i ot ik 4
I i R 7K 2 L) A0 L R R SR AL 2
—o A AMEMEDU AR E AR R C 4k
HRE R O RE, 4ER E Z—FIRE D
AT S PR SR R R SRR A R SO A
RAIE LB TR R B H BB 1k B BT Ak, iR AT
il CD36 \SR-B I FIHE I C A3R5, DL
IRAHMOIE AT VSMC 35758, IR 2T 28 1 5 v A Ak
A BT AL, Bl P R D RE RS R VSMC 1
B, WTTAESE As iEf . IKAh, 55 DNA &5 1A%
AR AR HEAE 42 ) F 2 5 R AR A A0 5 1) B A R
W—Di1,

H Al R B DA As (IR 7k AT AR
BTN, S AT SRR A VT 2SR RR 254 (an iR
HIREE A FK T 22 45 . PCSKO 11 5] Al omega-3 #b
FEHRN) o BRICZ AR, PNk 2459 (A w] DCAK) il
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LRI (AN KB BT AR AT )t T As 1697
DL LSR5 WAL s e AL S A I 8, Ane i)y
M2y n] L3 i 52 0 it/ s A A AL/ MR [ NOX2
FIBLME TS8R B, AT 2R 25 W BR T Ik
/DI FE R & H IH[E B (low density lipoprotein cho-
lesterol ,LDLC ) /I [ % JIEL [# B 350 AR A1, 38 7T 3 fin
eNOS FIK LA /> ROS 72, BC3E I8 P9 B &7 5K 2
AE . WOMHIBLA A AL BN D> ROS A B D)3 5
PUADTEALBE I T As Y095 I — K7 1) .

Rl iT 2 25 W o, I A8 5% ok 2% 2 Ak T 410 1) 51
(‘angiotensin converting enzyme inhibitor, ACEI) &
Ang II 32 /& BH 7 7 ( angiotensin Il receptor blocker,
ARB) FJ LABH W Ang I A9 & BRI M, L9 SOD, A
A A T B A R . Pt e AR 2= (i
A E CLE) AN ER A dEIF A LDL s 4iqk,
25 A gy ] P S AR e 5 R DR P A 9 i L ]
Pt 390 [ e s AT R 0T As AE T ARERFSE L 2
71N B ] DT AR B PG 38 Ath s o i 3K 22 A7 25 0 R A
O FAR IR AR L G AR A
FEFUAE—LE RS i BE e i PR3 rh R 22 R R
HXF CVD AR TBTHOR . 772259 AT1 45
URIHT ACED U8 ) BE 2 8 T S8R PE . A,
FIRTXIHT As BIPTAAAIRYT 7 ik 2200 : OFF Xt
figk ke S S AN @ AT S Ay R AR B S Al Ak
gEx7//p

mtROS AIHEFE As HEJE I SCBEAE T, H AT IE
TEWFFELL mtROS S #E SR HT B ROS ViR, LI ysib
FIHH BRI 10T AN 52 i 2R A4 1) S8 A i R 16 B
8, E AR BH AT LA /D B B Y 5 5 200 i 1) 5 4
BH /N USRI 25 A AR 1 2 R
T3HI A KAA B 25 W) i 1k 2R GE AL IE A 5T
DIMGE N B T fig . 7K AL 40 oKk 51770 B UE B g i
TEREMEHDRE 17 3-ME Bk ik 2] As BEER P, 1Y/ NO
7 A I R TR IR O A /N BEER . AT
WA DNA ZEARZ IR 4 B 3R £ IR 2 1
o SR AL Bk 44 K KL ( superparamagnetic iron oxide
nanoparticle , SPION ) il £ A “ DNA-SPION" | 1% 4/ K
SO T 3 2o K S A O AR ERTE ApoE™ /N As
BEH B WA R T DNA QKR S5 TR YT As
(S-S

WAk, 7 2 RO & W BAT Bt S AL FIPT R 4
P, A DT I | 28 R AL S R 22 1 1 BT e AR T
A, LA 5 A7 3k S8 1) Jo 1) B2 PR £ b SE AR, A4
AHNERT L1 2 T AR R ME RIS Tl . 2 I
PUAALRE L S ROS A EAE T B BT A AL, T LA

WA SIRE T35 H,0, AL, 38 AT LI W
— b= A AR B, 40 XO RIEE (S C L, JF
WOEPUAALEE . BN I BV ET As WEHEM £
WA 9 A I, HnT DLaE i — &R 50 4 T AL
I X} e S AR N 8 L i SIRT1/FOXO il F 4t Ak
FE ARt AL A SOD M AL & 1 1 el
FEAR % CSTBL/6 /NEUEY 3k B -1 3 ik &R
RGN ROS /K5 75 AMPK R R bR 45 11 i
{BEEEH 2 (‘uncoupling protein 2, UCP2) w1k s MO
RAARZ R AR LA AP ] ROS FR R, Bbah, A
P 2oL T 18R % 440 L PR 7 3% o I AR T S0 R R S0
RAFHTHAE T, 38 051 R4 40 2 5 40 i ) 4y
b, RO AT THRE LIBT As, B ERAL & Pl
B A A b P A0 B 4R Ak N il ST
R, FAM R Z 69T m IR R IR A ApoE ™ /N R AT 3
SiR 00 i) A A a2 e AE R IR IR R Y As KRR
SEST I (40 NOS 1 CRP ) 7 Az i /b, XF As A7 B Y
BT X SR RAT A T H,0, ISR
B A A AR SR A0, B T REBL R BTG As 25901
Brege el A, AR B T DL i A A P Y
LR [ EAR E ROS T BR, DT ZE 28 = R R FR Y
ApoE " /INERL As B JE1T 228 FEPl U B T R AIK R
RN P2 As A0 T (6156 MCP-1.1L-18
F1TNF-o) (55, 0N =5 8 M SR 19 ApoE ™~/
UG IR W 25 80, 18 4 #b 70 25 8 2 m ol AR
Bz e BEAR CVD il % KU

EACNLHA U As TS U Y EE 2R IT
TN 22 G0 rp S A L B T o1 AL A
FT, 05 T BB As B0 180 PR R SR AL AT E 208
PG K BL-55  FHAL B i 1R As 1736 A58 5K
W BRI, H AT R B I R R A7 8 = 1 8 K
PUEAR (IN4EA 3% A (C E) MK IKE S CVD 45
JR B SRIRAEATI A A A 8, AR 22 R+ P 6 e 48 R
AE /R B A i Ak G JRUIA T S Al RS BF 52 R L
MAEFLFA KA As T B AR SEMEANB 2 5 K,
SMNEPERE B HT AL AR LA B N IR PR PR AL
R RSN h n] BE BN A 5 FRIR, T
SEAL TR N A AL (A5 A, W] R e A
AR R Towk BLHES R A RE ), e A i
A e PTG A 8 4 ok 9K 8l P 0P T 4 A L ) A
AR NI, 5 G bt AL R AR LE , 38 i 2 1A
R BRI 2R A ST 2R 4 A T S AR A e | R
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AT SEAF A OR  ZORL AR S F (07t ] (0 1) 25 1 FH B
TR RE, £5 LA, Ba PR ik, R
L) As SRR OS5 5 AR 16 7 U T, Gl 4
il ROS st 2 A 1 s R SEHT AL RE T Bl I o
SEALFPURRAE Z ML BB SR T =R ARRIAIT As
4 2SR AT 1)
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