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SUWRZEREHL (Ox-LDL) RESBOFEEXRMMAFR. Ox-LDL TEEIBKHIEENL (AS) &

REREPEAZRHZIANNED. Ox-LDL Z AS X%, KRNXBETF. EFERAEXHEIRE Ox-LDL ESNAMHANL, BIEKS
JKFH) Ox-LDL [A AS HEmEEXM. Ox-LDL ESREAKAN. S5BKAMAMK. WEMEFBNMEESEFS N HEFNE AS B9%
EMRRB. hSENF R (CHD) BEMIK Ox-LDL /KFEXARNAIER CHD BFHBNISHTIE, BEYt) CHD Ba AT iR (KR
HEXITE CHD BEMTEEE—ENNE, bz, Ox-LDL B2HERE. BF. RNERFERRRELERNXEETF.

SHRBERERSHERNHATER

IHBEE ETRHRRBEIRAE

RN Tﬁlt\ﬁ

AiEE— MBS mE (FhRKEEL Lzt
MEEE) RERAESEHAOHRMERE (DEFE) SO
e (LAVEE) BVOMER, TR OIERY, TERE
REBFERRELIE AS PRERNESTHRES R RS
2, WMERRK. MREEFREMNRRETRERRER
RZRYSE. AS BISATHRKEERE. TRERGEMRHE, HIUE
BT AR BHR A HERR S, TERHIRTRERAMMN
BRARMNERARTENRIIEELSEN. AS BHT
B, 2RARBINRER, ERNETONNERAR, B
HET A BEERAERAEANEIMNERABY, SH
HMRBELUER, EAURRAME, AS RFEMENKAR
EIRGREBHTY, M Ox-LDL AEEZNEAMRRGE
AS BBl

mpAaT O ERFEER LREENAHDERRZ
—o MERNEBRKEUBIERLERAEMEY Gensini TR
FIMEEREERE, ATFHTSREEREERE, BN
WENRKAERRER, ANEERETHIMRAEE, BF
BERFMOWIETREE, HUREREMIUETHE,
REIBEMGERBNNE, b, BFLME (CV) BHL

©2021 IMPROVE MEDICAL All Rights Reserved

EEREHERKRERNAZD, FUFTERMETFHENERE
CVD REMIGKITA®, HA, EMIFREHE CV REITERY
BEW I, BHEVITEDERNEEN, ANEIEES
TFHEBEZUHIN. FHIH—TTIERAE. EERN
mEY, EERTEERRERE, MUSMEONESE

2_0

AMI RFHE R E R IR EEK A HHF BHREE R AR
pLmntet, EMEREKEE, SHEHHNONRMEEL
EREHFEN, IRRRNZRBEHIABZIERE, RETE
RRARMEARTE. DEEBUROARBE, OAEK
FTEEAD, LEENRETZN, ARRREARI. FELR
ME, BERARERENEAEMIETERD, —RUZEKF
NGB TFERRE, ERFENEK, FNRERKAN
e AMI BERIOMERR, —BERESHRANS LR
BRHERMmENED. Hit, RSB TRER AMI BA
BIRERIZHIR N E T,

. SUEEERZERRNRE

Ox-LDL K EFERRZEREEH (ILDL) F—EFRH
=T, Wikm. Y. RIR. BRE. aEFEAE,
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FEXEFEHE, TONEARTREESZHEANMBIA Ox-
LDLU,

XAW LDL FEBAENTEMASHE, TEEHRERK
Hith S FNIERA TR EREXBERE, NEFEEELZN
HEMERSIRENNERNRLN, SEAFRSHIFER,
XUSEMEES LDL FRIBEE N apoB &R, FEMMT
FRER, FR Ox-LDL., LDL EFRNTLEL=MERXNLESR
AEMRMAAR Ox-LDL: (1) 48RS LDL |kigif. M5
EMERNEAMERMEN LDL # ER4REENERER,
HEFBNERPAMTIERITELY, INIREARE ISR
Ki&ih LDL, FEEMRANERMME. nEF MM, £
ZAARER AT LUA I8 LDLRY, X—4AfN S8 LDL |kig
IR EYEWEN LDL;, (2) WF|EMEN LDL, LDL
PHZNTRMEHBRA ZH— LT EEE (0 Cu*'fl Fe
%) @biElh, JRREARES A2 (EORREASSP KRS EiA Mon
BIEMZRTIBMERE, IHARANENEBERT
LDL =S EHE, SEHENZAEHERE LDL, BT
BMAEEREBERE; () HtEnaErEin, WEsEN
HIMAL B 60 BT ENEELFIYEIXY LDL #ITER MBI,

=, SUREERESSEORIXR

BEOMERBECHEIERER AMI, HRIBIEE
™, R AMI ARMASEZE LA, BEREER K.
b, Rzl BBTFXN AMI BALNEE, AIUEERSHE
ABFAEKTE, BEilEKR ENOINETNENFER OBEE
B, 29 30%B 0O AVESERA S EE RRIARER, R
BOBBEFERARHEY ST B ERBIERARBI 7 8BS
DEBERIER, AL, IGRERZEIRIZHIRIZHRR,
EHRRER, Ox-LDL RHREBEEZEAALEIRTER, ES
5 AS MREMAR, HEXKIEEEEDR; AS AFERS
BB AR ARG, Ox-LDL %% MK AR5 2 GiEH
AS FERE,

EER, WEMARKEA, AMIFBENRELRES Ox-LDL
KFEFEBYIXRF. Ox-LDL B—F5 CVD BXIEHFREY)
EH), ERFINTFSSMREEXERRIRILERRE,
Ox-LDL HIFATAF CVD MAMLRETE (MetS) REEMARY
&2, BEIAN Ox-LDL FEMARARREIRHA. (B %
MR, (ERtiE TR AAMmAYEIE. SIS/ MRG58
EEHES5 AS B,

ERIMARETMR Ox-LDL 5k BRkSREERR I T
B XRRFHIT T KERFR. Holvoet REREBWRFIFLE
BRWEIBAREEZEASH Ox-LDL KT, HIEKZEER

2 [ x#kSiE | Article Reading Guidance

IDBYEEHE (Stable angina pectoris, SAP) . IERTEM LR
(Unstable angina pectoris, UAP) BERIMLINEE
(Acute myocardial infarction, AMI) EBEMMIZ Ox-LDL 7K

FHESTRERHNMEEAS, B Ox-LDL ZhER. Sh

[E. ¥ERAF. REFEREBNTORIBILBERER, Hik

RMEIEFRIGMIEE Ox-LDL BEIF CHD HIiZHT. JATT MR

B R Ff= FIBRC0, ERKEERISAREAERCELE S MK

Ox-LDL MEMMRERETR, BRREBENEE Ox-LDL

KFEES, TORIRKIZETN UAP MEE, Ox-LDL KEE

EBT SAP BEMEENE, BAKRRHAFEFRHNHAR

EWMRT 135 fIF AMI FOLBEMERTAEN TS

fE#EE (H AMI. UAP # SAP AL 45 i) m¥E ox-

LDL k¥, LEREM, AMI EE. UAP & SAP HBEM Ox-

LDL KRG IRAREIEG S, AMI £BEH Ox-LDL KEX

I UAP 1 SAP BEEEES, FIMERENMNE, Ox-LDL

KEWPEZF S, ER I RIERT XL B E TAKBHR e &

SR DITERINA, Ox-LDL KFFHAZ I U IMEAKE

ROBREMR, TaMEREEENLBPEXRIER,

Ltk Ox-LDL K FA{EA MO ME BTSN, EIRXLEH

RERVBIURT, BOREEEAEEZABNME Ox-LDL

KT, B Ox-LDL KFS5HERN™EREFHEMEXE,

Hitb, #Mn3E Ox-LDL KFXFIGRIZEIE IR, T HRERN

RE. KB, ARTHmEREURITHETHRYA

B+HEENE X

M, SNEZEEREANFRNE

BAZTIESE Ox-LDL EFRENAMSMEIER, RREHIR
AhRES I MERRARBRG, REFAREAT, RIFMET
BAURZETNRE, FINET ZMRRIEH M E TR LU &2
ZERAEE L AEAARES, SHBBRTRE, WEE3I
RN MmieRR. EIMEARMZIESE, &IF Ox-LDL KF52
MOAESE. ERKERE URRMMERZERE X, QIR
7 AS XERNRUEREF, ENEREREEREENA
eS8



Ox-LDL f1&1Z%/ ERAME AS RELRBIIZHRMNXRYE
H&, WEAMEER. KERN. ERMAT. FIRBIHR
BORSE. SRR & M2 R EEVERA, A AS
BT RS, MRRA, AS B—MRBNSHIEMER
fERRIMEER, 2%/ ERARBERTBRAER T, #Hil
BENRAEE, SBAEABRRELY), 55 AS WRE, &
AS FLEREFR, FEUEHFTHLAT=LEAREELER ROS) ,
BT EM GBI ERRERED, HEDEXNRELEE
K, RGALMANE, MRAATHEEE AS FARY),
Ox-LDL B AS B EMER, B—MK LDL EAEE
HE AS BEER, 1E AS WERRARHHLETEEER.
MEREMARAMRLEHNTEES FARFNENERIEERS
EEMEAREX. Ox-LDL 5|{201%E M MMIRGFIThAERE
BREE AS RELXEBMEEIFT, Ox-LDL AEIZMHES
BERTE AS WM THAIETEEERWY, HRAMHR
1#5% Ox-LDL SNE4AM 24 h [5, AMELERRAEBIN
BRI LR RIRIR. BT, FRERIARTE D AT LIRS
Blo TEULERR T ARZARBIIEMIEM, BEEREREA, s
RRAELEHNERENNE TRBEMEMN, HIRR AS.
Ox-LDL AJ{PHINRZ4ER NOS EEFREW, #midFl—ak
A& (Nitric Oxide, NO) WEMSEN, SHARTHAEHIIE
B8, FTLl Ox-LDL AI{EA AS WMIIERER, £XZHK
CVD WA T E AS, # Ox-LDL AIfE) CVD BIEIREY)
RS, & CV RIQITHMEMEZ 7. FEEEIFH Ox-LDL K
F, BHAS RFHEHALEN—FER,

Ox-LDL S FMENRARBFEROEER, (RN
DFFE, MRREARBZIDSHM. THEXRZEER
T, BZAMREY Ox-LDL #ITKBEMEMEEREKRA
i, MM R SEERETBRASRARBRRILI, BIME
RARRBIBBR OB, TEREIBRARE e,
Ox-LDL F&XBZAMEENER, EE0RBEPHET
Ox-LDL #UFAERUTiRA, MEHEMRF SRR
HWRAE EA, #MSHSRBBREMFIZE", Ox-LDL 5
EnMRRERLTERAME, MEHIMAERN, BHRE
RIERF®), GBS 80, AIERM D F UK C R
Z£B (CRp) B, FERORRIEEENGPREINEERBS X
FERFRIBEMAIZET (A, MMEIRKEAT R EEENNRA
FEThEERIRIF S AR, AMARIATT 5 REKRBHEEIE,
MFEH— TR

h. SNUEEEREERNEIRERSE

B&f, BIAFRNIME Ox-LDL 288/ Ox-LDL &1,
EEMNIEAZEUTEMR: (1) BEREERKZE

©2021 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW E3R#E-CCHE

(ELISA) B2 (2) ImBstEeiicE; () MABLZERE
MR (TBARS) WEZES;  (4) HIEWE (CD) MEE;
(5) BAEZ%E, FELRWMAEFR, ELISA EFRREHF. R
HES. BEEE. JERESNENF Ox-LDL 88, EE
AIAREERAFTRMMIE Ox-LDL BENF*. BEHTF
LDL MEAER—IE#NERE, ERENNEEBRHSEE
EENE, WRER—NRTAZE, BLERIMARERT
R OxLDL BEMAENF—H. BrRiIESEEHL
Mercodia A F &L Ox-LDL BEEBXEZINHTZ, BET
WERNINNRERIFAEN Ox-LDL &E2NAHIMZETIRFIZ,
Rz 2N Ox-LDL KESFIGFRIZETRE R, HIBTRE
THEERERTNE VRNERIEEE+AEENENX. B
H AMI BELHEMRKER, FEFEROBERIZHNE
A, Ak, SRARLEIER. SRENZEAE, BERSR
ANRERBHIEENTRE N, KERAREIHER
(CLIA) EEERBES. 2IMEER. S5HERAKA
MR, 7 AMI AREDNER AR B B 2152 B RIERY
REMEZMRN A,

EA Ox-LDL 285 AS WAL, ABIBIESER
B, B AS RIEPRHENRS, FEETFEEMRLDEAR
N, HEOMNERRAENSEREARS, HRESHKEE
BEZELA, XHARBRAELTAT AS RET EIORKIE,
BEEST Ox-LDL FRRRETHE, RIURNT X AS BEHH
HIEYIRITEY, FRIL Ox-LDL BJYEA AS ORI ERF RN
HWENIZUTIEAT, FEHAIEATMNZI T AS HEHRMERN
—IURAS, IRER_EANMERLEN LDL WF AS M45&5R
BOIZHT. AT RRIHIRERE S EREEER X,

S5
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KA ERIEEAR RIS T RIAEARE R L BB R 1 ORI X BRI B E AT SRR B EREER (Ox-LDL) MISHT
BURRR R, FASTERE, BIBKEENMAAER SBOIHRAH NI ZRNEHFERR, AKAL Ox-LDL TEZHATHAEEZH B (ApoB)
TESHMEZERRERAEEERE (LDL-C) MENBIFMERNERRBGM~ER, LDL-C WEMNNE MBI RBNE—F, B
#35%, LDL-C #NGHRKEEFREMAZAL Ox-LDL, A/, Ox-LDL #&M Ox-LDL RIERAM ERYEERZ ARG, SBUERMMEAZA.
MERAEF BRI TR, B EIMONMRPX MIEYHN S 2R LUTHEREN BN R OMEBHLENE, WOMER
R ELAT A TG E EEHNNE,

SEXBHERF

Ajoe John Kattoor, et al. Role of Ox-LDL and
LOX-1 in Atherogenesis.Current Medicinal
Chemistry. 2019, 9 (26): 1693-170.

i

SWRBEREH (Ox-LDL) BIMERFEMERE
EEARA-1 (LOX-1) fEFTF LM, MMz,
EMAR. [M/VMR. RAT4LARFIT B4R, ERIBeH
BB AIEZOER. LOX-1 22— 50 kDa BRMEE
H, A7 Ox-LDL. f&IFRIAEZEH. JEMAIM/]VRFNIE
BB LN TE, AEMAEF, OxLDL B
LOX-1 SHEMMMKIS LM, SEARATER,
BIEEEHSBARIIEEMER, ThETENAMRMR
A, eI RENE. IBIREEASHK. £EB
WRAARE_EFOARY LOX-1 305 EREARAEERS HRIBUEARA
. EfiTERIEEEERENEHSBOBATIRE
MEAMARTIRL. T LOX-1 MZYIRIMEhBEIEELRY
BEES, FERAFENMESYERIERTILIET
LOX-1 FREMERKHIERE K. B, MHAEMILITHREA
FEHIAIUS LOX-1 &AaHi@EE Ox-LDL #MIHIErE
MMDFo Lo, BRIEEMRMER RNA FHAH
LOX-1 M Fe T AR AR A FIGRR A,

X##7: Ox-LDL # LOX-1; LOX-1 chEksiiEtEk; A

©2021 IMPROVE MEDICAL Al rights reserved

R LOX-1; EMH LOX-1; &k LDL; EhfkiH
L, | LDL

Hartley A, et al. Oxidized LDL and anti-oxidized
LDL antibodies in atherosclerosis -Novel insights
and future directions in diagnosis and therapy.

Trends Cardiovasc Med. 2019 Jan; 29(1): 22-26.
HE

BIRHESENWEEERER (0x-LDL) RHEMEX
MAENSTEANRFER, UIREFHIRFIEEFR
FRHERY O I E PSR A BBk R B 1L BESR XU B IMA
LT Ox-LDL i Ox-LDL JAIEALMERER
MEEYIAREREBR, UREEHRITRMENE Ox-
LDL A F R GMNaTT 2N mRMR.

X SURTERERD; shRGHEFREL; SRR

Xue Peng, et al. Effects of NIX-mediated
mitophagy on Ox-LDL-induced macrophage
pyroptosis in atherosclerosis .Cell Biol Int.2020
Jul;44(7):1481-1490.

BE

MRAT RARIETH—N, IR T
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REREEES | (caspase-1) o BRI caspase-1 ELS
58t R%EEREER (Ox-LDL) #FSHALERMM
SETRVARMAET, XE—RENEIBENX TRk
BRRREFRIEHREE, LHEIMEER NIX
BHESHEMBXEAR 1 B 3 (LC3) HEER. RE
BIZAINARREA NIX M ENERAEERESS5 TRR
LRIARYERR, {B NIX W0fAl{2# Ox-LDL ESH E M
METHAKRA. X8, BB atkiERE
Nix &H, RATALTRBHFELREKEZ TR
o HEMNET/NERERMEFINIR NIX REE, EM
caspase-1 MIFAARNBZMNER 18 FRIAKFEM, LC3
Bbo thSh, LDH BMANNY BEENIR KRR B REA
Ox-LDL X EMRRREARAIIRAE &, tbsh, MREMIE
MEM NLRP3 RE/MAKTIEIM, B2, XELERR
BA NIX @I shRXSRHF R R 8 B D Ox-LDL S8
ErAmET,

X NIX; EMR; ERAR, SLEBERE
SHY -

Kai Wang, et al. Dehydrocostus lactone suppresses
Ox-LDL-induced attachment of monocytes to
endothelial cells. Am J Transl Res. 2019 Sep 15;
11(9): 6159-6169.

BE

HIRKRIFEC R — LM ERR, ELOE—ERELY
MASMARNEEF. TERRSSHEECHITFEL, R
BERAER, EXEEFLFIHEFHNEINNZ
B MRINEERERRIN RS ECN T RRRA
z—, TEWSZHEMER, MENLHAEXRABERF
£i8. SEERHEFRELRH RENXBEREKNRA
IR EFRERIRE AR BER. FEAMR S, HMNMSHERN
THEARERE (DHL) BATTESN, RMEAERERXR
AEETELEYED, HINSEEY. XMEYKE

8 E HEREE | Article Abstract Collection

BR—EATFHH, WARZA NIRIFFIEHRXFHIEY)
HER. RESRITIENLZNZ—2, DHL WBET
AWRBEREH (Ox-LDL) HSH VCAM-1 f E-i%
BEERKEMEBINEIER, XSACHFELNARE
M#HEH X, DHL MISINZEREREET VCAM-1 f E-
WERRMTREL, Bl ZMAE S5 MRS UR{E
RAMAFHNBELERF (B3 TNF-a. MCP-1 #
HMGBI1) BB, Ltsh, DHL BEBBIEI KLF #ERRA
F 2 (Kriippel-like factor 2, KLF2) HW9&iX, KLF2 2
VCAM-1 fll E-EBRRREINEERADH. B2, HIW
MR RIEBA T DHL W\ S idipa 5 M A
Mg, EETHSATT Ox-LDL ESMEhIKEFELE
Bo

KR BEAENEE,; AEINEERER; KLF2; mhiksH
L

Xueming Cao, et al. Y-box binding protein 1
regulates Ox-LDL mediated inflammatory
responses and lipid uptake in macrophages .Free

Radic Biol Med. 2019 Sep;141:10-20.
H/E

BHY: Y-box &H 1 (YBI) BRENRHXBIATE
Fo SAM, YBl EENKEZEREED (Ox-LDL) #S
B9 B MR AR K EAN RS SR EX PRI R AN 2 B D,
b, FITHRET YBI 7£ Ox-LDL ESH ERARAE K ER
e FIRER RO N BB TERI 53 F s

ik AHFRER Ox-LDL ESHEEGEIEREN (AS)
R, BAEMRENA. RT-PCR. ®EKFH. ELISA. dil-
ox-LDL . WRARBIREERNE. RNA £8&

B&%ZEIUE (RIP) FEREIRATFENE B

£58: Ox-LDL @33 NF-«B B2 T THP-1 $74 ERRA
FEF0A iz st ERAM (hWMDM) H YB1 B9%
*, EMAEPMAERIBIERT YB1 WTE, m
CD36 57 X—id1E, b, YBl BEEEES
CD36 EFERYRIDFTIRINE CD36 &HKFERME
CD36 mRNA FYZR, BRFME mRNA R, Lo,
YBI1 @i AR NF-«B B2 1858 4 E & R ANAE BAR.

£538: Ox-LDL FREEMAME YBI M&RE, BT FMm
NF-xB F@d (B #EEXRZR CD36 mRNA RITR{E#H
BEFRIRER, MITILsR A E /R Mo



XxH215): THEKSREREL; 36 fbF&R; NF-«xB; Y-box &
B1

Vazquez CMP, et al. Oxidized Low-Density
Lipoprotein (Ox-LDL) and Triggering Receptor-
Expressed Myeloid Cell (TREM-1) Levels Are
Associated with Cardiometabolic Risk in
Nonobese, Clinically Healthy, and Young Adults.
Oxid Med Cell Longev. 2019 Feb 28; 2019:
7306867.

BE

AU R FEY RS ORERE KPR XS 1B R R £
EEEEFA. akFEFHNELREEREZR (Ox-
LDL) AR ARENEBREAME (TREM-1) 500
BEMREFRE X, EXTARSP, BITFET Ox-
LDL BYM¥ZREFMMBEIF TREM-1 (STREM-1) BImiEK
FE5LRAEXRE (CMR) BEERFEMEMHEXKE
EEZENXE, REAHRPHMEER. FIBR,
HEBRERE. ERMEFZH, BHIIELRAD
CMR B9MRKRAE, Ox-LDL FEES#5 LU TR CMR 48
XIMEYWEERX: AEHRHK (BMI) . EE
(WC) . RiEES. SBEER. KEERZEREE
2 (Low-Density Lipoprotein Cholesterol, LDL-c) . 1%
RZEEREHMEEEE (Very Low-Density Lipoprotein
Cholesterol, VLDL-c) . HH=B. HEAKHIFRE(LAE
BRI EIBCRIERE L IE S, EXESHTR, BRIk
BB HABEREY Ox-LDL T EBBEAMNTNER,
BERSME sTREM-1 REMNME, FEH BMI.
WC. HH=F. VLDL-c MEshBxbELIEEEER
Ho WC &R, sTREM-1 REERNS CMR EEFMEA
FZEABHEENFME, SUMRERSYSIERR. I
PRIE A1 12 MR AR 2 S B BBk SR R L BB
(&2 59 X B 2R AR R AT X Lo AR M) X FRRA Ca A A X5
RRENEEM,

Bk BAVERR 12 /)\WEBSFEBRSFRHTRL, H
B 24 /NEIATRBIBNEE. MRS, BIE SCTU
2465 ¢ By 15 PHRDBAFRMMEFR, HE-80C
TEF, BEtbERIGWESTIIEREEE. BEE
2. SZEREH (HDL-c) MEH=BNRE. 0E
PR RIREBE BHUFZENHITH. HOMA-R (&

WEERSENEEETZITERS, Ox-LDL MM
FIREMAEDF sTREM-1 EMEPRIKFiET iR

©2021 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW E3R#E-CCHE

BRI (ELISA) #1794, AR iR
EP5HE Mercodia AFIH DuoSet-Human TREM-1
(2E R&D 2FE]) B

%30 ARERKE, Ox-LDL M sTREM-1 5 Ak
CMR HEXMEUREMITEDE X, Lo, TEIRRE
BRMEEt, shBGREELERRE, WMAAAR—FE
BEHREEN CVD KBFUNEF, #E%FUN Ox-LDL
RENFAG. XFTAM, SMEBHMRENTI RSN
FlEREBRPBERES R, AL, HRITENGTEHHK
SRR RE B B PR R IZ 2 T 2 — 2B 53, 7
Bzl VD MIRAESIES CMR 8%, Hitt, BRT M
DBEER, BIEMITERETH, SAN, HEEIR
REEPNIREE, FETUREFINGFEENILES
Ak A B SEHEo

Lai Chen, et al. Effects of dendrobium
polysaccharides on human brain microvascular
endothelial cell injury induced by ox-LDL via
regulating the miR-378 expression. Cell Mol Biol
(Noisy-le-grand). 2020 Oct 31;66(7):66-71.

BE

Bty I B P RZ A R PR R PR A X B B0 0. NSRS TE
MREMSENECEBERES (Ox-LDL) ESH
AR E R R RRRIRE R ER R E S FilEl. Ak,
BARMMER R HBMEC S RMIRA GR#TE
fashiE) . Ox-LDL 4A (50 ug/mL Ox-LDL) . AfitZ
¥ER. P SREA (0.1 pg/L. 0.2 pg/L. 04 pg/l A
fiRlZ¥E+50 pg/mL Ox-LDL) . Ox-LDL+miR-NC A (¥%
Z miR-378 RIMBAMEITER+50 pg/mL Ox-LDL) . Ox-
LDL +miR-378 A ($%Z% miR-378 #&IUH+50 pg/mL Ox-
LDL) , Ox-LDL+DP+#i miR-NC £H (4% miR-378 I

IFIBAMESTER+0.4 ng/L A ZHE+50 ug/mL Ox-LDL),
Ox-LDL+DP+anti-miR-378 20 (3%ZH) miR-378 I
+0.4 pg/L AflZHE+50 pg/mL Ox-LDL) . 7ESRI8TFE

SCERBE | Article Abstract Collection [2Y 9
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FRRATSRNAZE (MDA) MEEUNBELYIR
{tEE (SoD) MTEEEE (CAT) BUENY; F4EAE
RIGUAAAET;, ZARENTEN B 4BAEHEME/R
m%-2 (Bel-2) # Bel-2 #8%M X (Bax) EBARK; X
BB X EE PCR (RT-gPCR) M miR-378 B9
Ao ERKRA, TRAREAMLELES, Ox-LDL i
SH AR E A 4HRE MDA KFF%{E, SOD #1 CAT
SEMEIEI, 4ERATEEMMR, Bel-2 RAEM, Bax Rk
PR, miR-378 FRIAMM, FERBUELREE (p <
0.05) o miR-378 AT REMS Ox-LDL FERHI AR
&R MRS CRHFAIAMA T, miR-378 RKAYIN
IR T A ZHEY Ox-LDL ESHAMMME R EZA
R RIRIH, BBAGARZIETTAEET LiF miR-378 B9
FRIAKINE] Ox-LDL iAFHI AR I E A R AR 1L L
BAAT.

KEEE: ARSE;, ARMDERNRAR,; miR-378;
ANREEBEED; ALRG

Cai L, et al. Natural flavone tricetin suppresses
oxidized LDL-induced endothelial inflammation
mediated by Egr-1.Int Inmunopharmacol. 2020
Mar;80:106-224..

BE

BB REECRIFZ OMERFRNEERRE, WEINEE
FEESHR AN R EIBICH I B H L BRI BRI X BB 14,
ZZBHMER —MXABWETLEY, BIEARET
AT R, ANFRRIEA T = 2B H MBS 1B 770
EAMMFRIPER. RINARLERRE, =ZBHE
BEMmSIENEZERER (Ox-LDL) #ESNEXBZ
Rk ER-1 (MCP-1) MBABENER-1p (IL-1B)
BRIE, UREMSE (ROS) B%ER. LEHh, FATHIHH
RERKE, ZZBH MBS T Ox-LDL ESHLRM
BALME S F 1 (ICAM-1) #1048 KR FT 53 F 1
(VCAM-1) WIRiK, EAMKFEL, =ZBHEhEEN
FEMHEIT Ox-LDL ESH RS N AR
Mo MALEIEM, FANERT =ZEEMEIDET Ox-
LDL. BEZHENMREEREARE-1 (LOX-1)
HRAFEHERKRN | (Eg-1) URABIMNMIRES
FHIES, MREIMESETEDRES 1 M 2 (ERK1/2)
RBCE M EEZ ) TI6], XLEHIERE, =Z2BEH
FERMENRABPNRARIFF, RE=ZEH HEs
AT EIBKRE B A E A R A B B EMN B EIER.

10 [N 2B E | Article Abstract Collection

10.

KigiR: mpKOEIFREN; RPHMAEKNEES 1 (Eg-
1) ; ARRIMESATIEDREE (ERK12) ; KRERHE
SUREEREEARE-1 (LOX-1) ; ZZBEHE HES;
ANMREEEEZES (Ox-LDL) o

Kumar A, et al. Role of pyruvate kinase M2 in
oxidized LDL-induced macrophage foam cell
formation and inflammation. J Lipid Res. 2020

Mar;61(3):351-364.
w"E

RERESEES M2 (PKM2) S EhRiGHIEREL R BhBK SR
RIS R AETHREFEIRBX RS SR, AT, HAESME
ZERERA (Ox-LDL) #ESH ERMEEFAMA R
MAEFNERHTER, FEILEXBRIIIHETT
MR, EEH/NRNMAME-ERMBREZRBE T2
NEBEBITEERMMET, Ox-LDL R (1 ~ 6 /1)

AITAS PKM2 BEEEE 105 BERRMLHIRE HAZE L,

PKM2 AT B EER A AIE, 7 PKM2 shRNA 5
BRHRT Ox-LDL #SMHBEIASEF-10 EERFI
BESE. BEREEEARR I BABRAE 1 (L-
1p) mRNA Rix, URIABMIME L1 B~%,

PKM2 #MIHIBE RN T Ox-LDL ES M ABCAl
ABCG1 ZEHXKIEM NBD BREERHE apoAl
HDL, PKM2 shRNA ZZ##H| Ox-LDL ES CD36.

FASN ZA A, Dil-Ox-LDL £&4FBE, UKL
RBERS. rBREERENPEERES S 8. AL, PKM2 3
TEERIBEAA . DASA-58 2—Fh PRM2 #EFH,

AIFiA LXR-a. ABCA1 # ABCGI, #1438 FASN #1
CD36 ERRA, IEIEERMIMEREEMNER, Ox-
LDL KA PKM2 k#1475 01ES PKM2-SREBP-1 #8EfE
FB# FASN RiX, AEltt, XIMEAFRKRA PKM2 £ Ox-
LDL BSHEEEER. KEN B RMMmAIR
HRARIRER

X BEERERAE; R, SrRBEEER

Zhang YG, et al. Exosomes derived from Ox-LDL-
stimulated macrophages induce neutrophil
extracellular traps to drive atherosclerosis. Cell

Cycle.2019 Oct;18(20):2674-2684.
BE

FMAEEEARENMEEREERD (Ox-LDL) RIHA
E R D W INBATERBRIBIFIEWL (AS) #HEPH



11.

YERMBENS. RH AS BEIVIME Ox-LDL I
K EBRAEH MBS AR ISR HIETR, B %R
GG R IERIZBRRAINERF (NETs) o KIE4RE
EFHKFBE IR BRMNE (ELISA) #ITE
fto miR-146a FIBEWYEZLES 2 (SOD2) KIRIAK
Fi@dEEFLA PCR (QRT-PCR) M A RENEHIE,
BYFERA_SRNEZZEBE (DCFH-DA) MR
WSEMSE (ROS) BIFT4%. ApoE fRIE/NBIELIERS
BARE (HFD) LUAS AS. @IMZ O (Oil Red O,
ORO) MAAKE-FLL (HE) REIFETIBHIFELDE
o HAIMLERKRA miRNA-146a T AS BEMMENR
JRBIINRAF] Ox-LDL AMRRYEBRZRRE THP-1 $14RI5H
WEhEE, EEMNZE, Ox-LDL LB EREAID B
BIFMNAIR miR-146a BT EEM SOD2 {&# ROS Ml NETs
BIFEM, LESh, R Ox-LDL RMEEARY THP-1 4RREFTERISM
WREEBCESTE) AS/NRIAN, AS SFARENK. K118
MRERKRA, ¥E Ox-LDL LB BRSNS
miR-146a BT IFSEMMHITH NETs BIFZRL, XeTHe
73 AS # BRI ARR AER R F B o

KA. EOBKIOEERE(L; Shnik; ERRAR; i
FRRRSNER, ANEEERER

Wang A, et al. Oxidized low-density lipoprotein
(LDL) and LDL cholesterol are associated with
outcomes of minor stroke and TIA.

Atherosclerosis. 2020 Mar;297:74-80.
HE

EEMEN: KZEEREEA (LDL) MENVREZEREE
B (Ox-LDL) KEWINAEEREERE X, AT,
f&3f LDL #1 Ox-LDL K52 MREHERMEZEPFIE
HEMERLAE (TIA) NERXBRDAER. AR
FERETE LDL 1 Ox-LDL BEWAMRMzZEHH
TIA NERBLRER .

©2021 IMPROVE MEDICAL All Rights Reserved
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Bk EAMIEBRMERME S (CHANCE) &ER
BNEMETIRLF, 97T 3019 BEBFEL Ox-LDL
# LDL KFHEELH, #R#E LDL (LDL < 3.37
mmol/L, LDL > 3.37 mmol/L) I Ox-LDL 7K (Ox-
LDL < 13.96 pg/dL, Ox-LDL > 13.96 ug/dL) HIREA
ARBENAMNHE, TBLERE 90 RAMEMEPX,
REBLERGE | FRRERZEPLIR 90 KM 1 F£RH
BRI ZEFNEHOERSF, RENDELEREE 90
KA 12 D BHEIHETH mRS3-6, FAZEE Cox [@])IHE
A7 LDL Ml Ox-LDL 5B ETNEHIXEL,

Z£R: ERARAAD 3019 FEESD, Ox-LDL
LDL ByARfI#y (MO rEE) 258 1396 (6.65 ~
28.81) pg/dL 1 3.1 (2.5 ~ 3.8) mmol/L. fEif 90 X
W, ERMFER, ROMZEPNEHDESHNRREK
EFRN 9.74%. 9.54%F] 9.80%. S51f LDL # Ox-LDL
k¥ (LDL < 3.37 mmol/L, Ox-LDL < 13.96 pg/dL) #8
kb, & LDL # Ox-LDL (LDL > 3.37 mmol/L, Ox-LDL
> 13.96 ug/dL) £#& 90X (HR, 1.57; 95% CI, 1.10 ~
2.24) 114 (HR, 1.49; 95% CI, 1.10 ~ 2.04) 8%
MzZEh XIS M, LDL > 3.37 mmol/L. Ox-LDL <
13.96 pg/dL (HR, 1.35; 95% CI, 0.94 ~ 1.93) ¢ LDL
< 3.37 mmol/L B Ox-LDL > 13.96 pg/dL (HR, 1.11;
95% CI, 0.77 ~ 1.59) WEBEETPNELLAITFEE
o MREERWBRMNER.

50 MBEHPEEM Ox-LDL A LDL KFESREZAH
REE TIA BEZEHE & X NHEx,

Zhang CP, et al. Impaired lipophagy in endothelial
cells with prolonged exposure to oxidized low-
density lipoprotein.Mol Med Rep. 2020 Oct;22(4):
2665-2672.

BE
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13.

SUMHESENKREERER (Ox-LDL) A,
BT {23 i B AR R AN #0051 I 5 4 R S SR MM SR mh Bk A6 A
B L BABGRIF BV IR R, BMBHRES
SE54&FPUERRRHIN TS, A, Ox-LDL LIEH
AE4M (EC) HMEERRZNKNERER, EAIE
BH, Ox-LDL 5lE2MAiERIMERINFIENE, ME#MA
BARAT, AMRNENZMARMA Ox-LDL LEH
ECs REBRVSERMRZENXK, BETERERE
~, 5 LDL j&f74A4Etk, Ox-LDL JATTRYABFERRX ECs
FERBENERRLD, HEBEIEARINTESTET,
BREXNEAL—REEL. ERELESEEMR
M, 7£ Ox-LDL L IBR ECs HIABS RPN RIS BTN T
WL, XREAERERAAENSS, MESH Ox-LDL &
B ECs FRIBERIR,

HR: BERE, ANEEERER6 ~ 12/)\85]EM
BERIMIZ NI R 5Ed B - A AR R EH AL ERE
BEEOERREX, MAMABEEED 24 ~ 48 /T3]
ENEAERD TSR B AR MR LR
TEEREQAXR. ABRERSANRTEREDMRR
BX, MR AR AHEEREREET UFRX—I
Ro

Santiago-Fernandez C, et al. Oxidized LDL
Modify the Human Adipocyte Phenotype to an
Insulin Resistant, Proinflamatory and
Proapoptotic Profile.Biomolecules. 2020 Apr 1;
10(4):534.

BE

BR. XTaMKEERERD (Ox-LDL) YAERrZAAR
RERETER, AXNFRERXES, MXMET
SIBHM 2 BERFEX. AXEEMRENNBER
EHB (Ox-LDL) Xt AMIBERS B4R A 53 s A5 B 4R AR A
F. BEXRZE (SRs) MAMRETAREYHIZM. M
JFRBREE FRS IEM & R RERE BB R RIS (LAY A
ERAAERE, AAMARIRENSMEEEREEQNHi#E
1THEF. DITEERZAE mRNA RiX. AATH R
&Y. BEARREFD RNEERENER. E3FE
HEMBSERED, AUEEEEEARARSES
SHEEEEN, WHEBIFEEF, IL-6 MIBKED W
BEEZMFERBIE, NERX, SERD WS LK
fAtHXK. Ox-LDL BERZIZMN lox-1 BFE, FEE cxcll6
# cl-pl B9FRE, Bnip3 (AT, FFEEMBRITSY) B

12 [N 2B E | Article Abstract Collection

14.

15.

RIREAREM, bel2 FUATHEY) WREBER
Lo ANREEEEA T UEREDHARSRIESRE
SHEERERRL, RAERMES, HEITLUEMH
HRAT. BEE. HFENERAEHERRZE, SR
BEREHT AL lox-1, XAIRERSH Ox-LDL K8
RABBATIERR A,

<

XA RERRZERE; MARRT; RIE; AWREEREE
B; BEXRRME

Li C, et al. Orientin suppresses oxidized low-density
lipoproteins induced inflammation and oxidative
stress of macrophages in atherosclerosis.Biosci

Biotechnol Biochem. 2020 Apr;84(4):774-779.

BE

EIBKEEECRINANERFNEERR, FHREE
B3R B AR AR R AR AR shRKSR R L R RIYER. A 80
pg/mL SEZEREER (Ox-LDL) %I RAW 264.7
A, LURBMASMEIRKSRIERRL. ZERR—MREE
VIR EER, A% Ox-LDL iESH) TNFo. IL-6. IL-
1B FRIAIEI, L5, EXEEENIH Ox-LDL ESHIEEM
P, HEEAITE Ox-LDL EEXZ{K CD36 BIET
Vo I EEATRINE ROS AN eNOS RiX
HERRPERTAUEHNEN. thoh, FLME Ox-
LDL ESEMEEMER 2 (angptl2) F1 NF-«xB BIFRX
KERZE L, MEEENEEFHET Ox-LDL MIE
. AEETNS| Ox-LDL ESMAEMELESH, 3
B CD36 Al R EEHFRANXERTEF-

KPR BBKOREERRML; SRR, KE; BN

Xiang-Rui Qiao, et al. MiR-210-3p attenuates lipid
accumulation and inflammation in atherosclerosis
by repressing IGF2. Biosci Biotechnol Biochem.
2020 Feb;84(2):321-329.

BE

LUERIRRZSRER, /)y RNA-210-3p (miR-210-3p) &
57 oREHEEANARHE, BEAGNEHTE
B AHREEET miR-210-3p REEE R EE R
BEBUTRRFN ARE ;i RZ R B E MG, A EhRRSRIEERRLEY
ATTIRAEBE. RIAME THP-1| ERABETHES
FI2H Ox-LDL iESAIAT 12 /N, miR-210-3p 2R
m, SABEZEHE L. MiR-210-3p BEINFERINET Ox-



16.

LDL #SH) B4R i is PR BUA 2 M 4R A FHF=
4. @idH) IGF2/IGF2R, miR-210-3p #0417 Ox-LDL
FESNERAI PSR RES CD36 MFERETF NF-
kB BIRIX, 22, miR-210-3p B HH IGF2/IGF2R
I cD36 1 NF-«xB BYZRA, MR Ox-LDL ESH
ERARAIERRMEMAER N, 1E58 miR-210-3p B
RIAATRER AT RIBKREERE L AR SRR

X218 IGF2; Microrna-210-3p; EHRINER; EMRA
B, RRREERF 70

Parvej Ahmad, et al. Insights into pharmacological
mechanisms of polydatin in targeting risk factors-
mediated atherosclerosis.Life Sci. 2020 Aug 1;
254:117756.

BE

ERE (PD) BREMMTHINERREY, ERN—
5, #EMNERER ERBERRMLEY. PD HFIA
ANREEFEE. 345-ZREZRXZE-3--D-BERE
. (B) -HEFEYE. (B) -ENENRIAENE.
CEBRANEYEYE, BERE. MK TERRK. N
BEATIEIBKRIEEL, RNRERFLEBD BAEERET &
BIORIEE L BIR A E M A R EENARIRENS, SE
535K PD EEAOEHFHNZAEIN, ELETE
T—AS TN, BMEEN. BRMEZANE,
BIESBERE (TC) MEEEREEZEH (LDL) XKFE. -
BEp-REXHBHEE A TR (HMG-R) RXHIh
BE. SIRT {55. LDL-%{K (LDL-R) . LDL &HRKE
(OxLDL) « KM\ (EC) . FBAAR
(SMC) « ER4MA. ERMMAEBMBERISE. RIE
ESBBRNBMENEM, B2 T, XWEBEOERE
DFNHNEBENRZ—F PD NSNRIEARLEER
ETEEHE#/kexin9 B (PCSK-9) 1 LDL-R @ERAIEE
H, BRRAEERKEEREHRINGEKTE, XERE

©2021 IMPROVE MEDICAL All Rights Reserved

17.

18.
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AT ERERENBIFEAETAMRES, ¥
B FEHE HMG-R MEIF (HTHRZY)) BEIEREM
M TRAYTHENEE. RE, FLFR, HNEE
£5it, PD EEEMBEMREERN SN ASCVD HEATEEM
ERAMNERRPISEIH

XA shBKRRERE(L; PEEEERRTS; HMG-R; RIE;
PCSK-9-LDL-R &@R&; EME

Abdur Rahman, et al. Profiling of Insulin-Like
Growth Factor Binding Proteins (IGFBPs) in
Obesity and Their Association With Ox-LDL and
Hs-CRP in Adolescents.Front Endocrinol
(Lausanne). 2021 Jul 28;12:727004.

BE

BREFEKEAFSESERD (IGFBP) 2RUBIHXREE
TR, ERAAF, IGFBPs SEEMBESRIRNE X
S, IGFBP 5)|BMBFVERBRSHXRMETS
FRtf. EAMRA, HANAR T IGFBP (IGFBP-
1, 3, 7) 54&E. FLEFNOCOERBITEY Hs-
CRP #l Ox-LDL X H. MBIBRAIHFHIBET
20BFLE (11 ~ 14%) . RAKEZRERAZAR
M IGFBP, ELISA ¥l Hs-CRP #1 Ox-LDL., &RE
™, SIERAE)|EMALL, BRAEE)LE IGFBP-1 K
FRERR. BXHOMER, IGFBP-1 KFESER/SS
(WC/HY) HH{EZHMEX, IGFBP-1 KF5 Hs-CRP 2
ti#8%. IGFBP-3. IGFBP-7 5 Ox-LDL Efafix. &
HEIER R, IGFBP-1 SEBE/MBHMAETSY Hs-
CRP Z[Bl1f71E5871UAYTAAEX, M IGFBP-3 #l IGFBP-7
BYKFN3% B H X SR, IGFBP-1 5 A0 AERE
(WCo/Ht Eo{E) BIMXMERTS BMI SR AERREGT
SRIMEXME. Fitb, FAIAK IGFBP-1 TIAEW A IERCRE
REESDERMAAXAEH L EREMSENFHEE
Ve BUR EMITE Yo

XEE: BOF; BREE C RNEA; BRBRFLEK
EFEEEA; B sSMREEEER

Hiroyuki Itabe , et al. The Significance of Oxidized
Low-Density Lipoprotein in Body Fluids as a
Marker Related to Diseased Conditions .Curr Med
Chem. 2019;26(9):1576-1593.

BE
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19.

SHBIFNEZEERESD (0x-LDL) SE8E0MEER
REANESHERE X, AMBEARRERERAIL
RTEABRRAMDABEBEUREFRNFE Ox-
LDL. HiZTRAERF Ox-LDL EEMEEWERR, 2F
SEOIETERRERBFHNE X RALFHRREIEEE
REWHHRNIE (ELISA) #Z2FRIME Ox-LDL. #Rid
ZHIEHE 2RI RLEHRERMHT Ox-LDL KENTK,

BT Ox-LDL REFESHEERER (LDL) -fBEE
#83%, Elt Ox-LDL 1 LDL BItbBHBZEIT X%, m
FMRILZ Ox-LDL HIRE, BRTEIFMIE, BBERES
BNMEXRZEREAHNEETFRAR (GCF) +,

Hha W REEREQMERERERT GCF FMLL
BhizEmF M4, GCF & LDL #1 Ox-LDL KFEIEVERIE
BENFRAEBEPHS, EWE GCF O£ E10E
REEENER. FAKE, GCF Ox-LDL A&, MK
M GCF #HH Ox-LDL /KFEARERM T BIFRRAFHNE
taves Gkl

XHiE: AMI; GCF; f§&EH; Ox-LDL; Ox-LDL/ARZE
EREEQLE,;, SBEERE, FRAK,; HBEE
%o

J Chen, et al. Aspirin protects human coronary
artery endothelial cells by inducing autophagy .
Physiol Int. 2020 Jul 24;107(2):294-305.

BE

BARBLMRERAKREET OMESHMETHR
K, BHEBENGIRATSER, EZAN—THR
F, BINZUFAEEMSMEERERE, EAHRRF,
BB £ & B = 0T A% 3 A O Bh Bk R B2 4H B
(HCAEC) BYRIPERFHIRITEBENS. AELEE
EREEA (Ox-LDL) . MEEKE I (Ang-l) HEHE
(HG) %2 HCAECs, REREERETHEIR. %=
BENEERMARE—GHE (NO) & (eNOS) .
p-eNOS. LC3. p62. BEERIWIZEF «B (p-NF«B) .
pp38 “ZHNEFEFENEEHEE (p-p38 MAPK) . Beclin-1
BIZRIAKF . ELISA i T] 74 M 40 B (8] 44 Mt 53 F-1
(sICAM-1) FIFIAMMEMMAEHT 5 F-1 (sVCAM-
1) BORE. A Griess FIME NO KFo A mRFP-
GFP SREMFICH LC3 Rz EREE, £RER, MAT
METEIN eNOS KT, A/ Ox-LDL. Ang-II #1 HG X¥
WNE4ERE (ECs) W5, BEFISKHIE. MEH%
IEINT LC3I/LC3I LM, FEMET pe2 RiX, 188 T H

1B [N ZEHE | Article Abstract Collection

20.

BN BERIEE (8% BAE/MK) o p-NF-
«B 1 p-p38 2N FFNERHEENING], sVCAM-1
SICAM-1 95338, WU KPAIBIICHA3T eNOS SEMER R R
R F Beclin-1, XLLERREF, FIFCTHATEL
Beclin-1 fRFM A NBCEBR, NMRIPNEARES
Ox-LDL. Ang-11 1 HG ES 5.

X238 Beclin-1; FITILH; BEE;, NEARE; FiP

Zhang Q, et al. Circulating Oxidized Low-Density
Lipoprotein is a Strong Risk Factor for the Early
Stage of Coronary Heart Disease. [IUBMB Life.
2019 Feb;71(2):277-282.

H/E

FARSERMEZEA. BELLELE (SAP) . FRE
BOKRE (UAP) « BHOAUERE (AMI) BERBEIFEN
REZEEREEH (OxLDL) k¥, HRITHESBLHE
(CHD) FERZEMERM. Ml 99 FHESZRIREEKE
EHBEENMEMREIR Ox-LDL-4E6. A_E (MDA) .
=% ¢ REEH (hs-CRP) « JBEE. 2ZEEES
AEERT. REZEEEABERE. HisEH A. HiEEAB
MEEZEA () (Lp (a) ) KF. BOREEMIE Ox-
LDL K FEZZTIIRA (p = 0.000) . FAT, UAP F
AMI BT SAP A (p = 0.000) ., ZAEFSFT ALK
F (MDA) ERBHITFEX (p = 0.000) , EEOE
BEPTEEIM, BIRESE Lp () M hs-CRP KFE
EFS (p 3079 0.000 71 0.000) o SAP. UAP #1 AMI 44
ZiElLp (@) BEE (p = 029) . WIREZME Ox-
LDL 5 hs-CRP E2f1#8% (p=0.011) , 1175 MDA 5 hs-
CRP 2IFHEX (p=0.004) , M3 Ox-LDL FIEAREAT
SRR ERER, BREEMERRERE EIEERE
o Hs-CRP AJRELEE S H$41S Ox-LDL 2 EREARAE,

KA RIREBKER; Bk, BMREEEER



21.

22.

Zhao X ,et al. Relation of oxidized-low-density
lipoprotein and high-density lipoprotein
subfractions in non-treated patients with coronary
artery disease.Prostaglandins Other Lipid Mediat.
2019 Oct;144:106345.

BE

BR: SWEEEEER (OxLDL) . BREREAQ
(HDL) RHEWASNFZEBLFE (CAD) NEREREHR
EEEFR,

FiE: #1417 GIEREENEREER (CAG) B
KRIEZREATHNEEEENE, DPABTOHRAE (b =
942) FNIEBOHRA (n = 475) o XA Gensini 5
(GS) AA B ORMTERE., 74 Ox-LDL 5
HDL T4 55 BB X1

#R. 53F cAD &L, CAD £E OxLDL B
=, {8 HDL PBERRERME (p = 0.002) , B HDL I
ANRRK (p = 0.004) o TEFEE CAD EE, Ox-LDL
5X&8 HDL WA ERMEX (p < 0.05) o s, BBE
B IREhBkAD GS ¥REMYIEM, Ox-LDL #&, KW
HDL ISR (53518 p<0.05) o

#5310 Ox-LDL 5 AFii HDL AEEEE/KEAIABXE TR
IR FIIETE VR AR B IR A RIZ E ShBX B L 2 18]
FHrEER,

it

X HREER; SEEREERD; aREREER
fEERE; SXREERER; T4AS

Xiaoting Lian, et al. Direct electrochemiluminescent
immunosensing for an early indication of coronary
heart disease using dual biomarkers .Anal Chim

Acta. 2020 May 8; 1110: 82-89.

BE

©2021 IMPROVE MEDICAL All Rights Reserved

23.

IMPROVE REVIEW E3R#E-CCHE

ARSI T — M AR A OR R HRT SR E I
FRIZETEIE AR, RRIZAET, ETRESEHKRTIE
& (Au-Co NPs) HIFARIC T RRES M A SRIG NS
EflsZH (LDL) FMIENEEEREH (OxLDL) , X
FAFER B CRRY AT S, SEBHY Au-Co NPs 121
T—IRENERTES, HEETERNBELEER
(ECL) {ESTASMIER, RARENKBERSES
BT SHEHN AuCo KN T, HABHBETENE
(TEM) FPAMBFEMNSE (SEM) WHE#TTRIE,
BIAEETE Au-Co-np EIMHNENMIRBEERIB L. £
NMEFMAZ B REEESYE, AEXKEERERER
£, I ECL 5SHINHl. ERUNEHGT, ZREk
BEHMERERZERAIITREER 0.420 ~ 100 pg/mL,
RN 0256 pg/mL, Ox-LDL REETE 0.500 ~ 60.0
pg/mL SEERELMET, BHRA 0330 pg/mL. 4H
B XY RSN, AR CRRIIERR
IR ERSTIRIE T — Ry A k.

XEE: RESBAKKT; DR, BUFLEL, &
BERE; REERED; ALREERER

Anvarsadat Kianmehr, et al. Oxidized LDL-
regulated microRNAs for evaluating vascular
endothelial function: molecular mechanisms and
potential biomarker roles in atherosclerosis .Crit

Rev Clin Lab Sci. 2021 Sep 15; 1-14.
BE

MEARARZE—THERNRRMAM, TUNYELS
RIBEE RN, SWEBEREED (Ox-LDL) BT R
BORAMBA RS, RS FRBNIEIS 5 Bk
EdiE, SERRAMINERK. D FREZR
(miRNAs) {EARSFEIIELRES RNAs, BADHERE
NERAUE, HREHRTSZERANKZE. ©1185
HEENTRANTTEMS, UAFARRS. NERE
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24,

MIPRAB, X miRNAs ML T FRIEFH AT
=, SIERBKRIERENL, EIMENEYIRSHNIERR
EXEEN, ANENEETFEFHIALERT UG
ME, AXELRT Ox-LDL T8 miRNAs FERhRkHaEE
BUHRNER. 2 FNSIUREIWERLEAN R AN
REPERS A YIRS R A

KEEiE: RRARE; ShRKGRIFEEN,; EMIRSY; WD
FrAERR, SUREEEED

Katerina Tsilingiri ,et al. Oxidized Low-Density
Lipoprotein Receptor in Lymphocytes Prevents
Atherosclerosis and Predicts Subclinical Disease.

Circulation. 2019 Jan 8;139(2):243-255.
BE

B REESER Th17 AIATYE T BREEPKRERE
KHBEFNIERAEZREBREE, BE(INDFARMD
RTER, BISEHEEERNTIEFERES
H, Th17/3ETM T ARERZIETEF CD69 &S EhRK
WREEU R B ZEINX R,

FiE WEBREIHEMAME ERIXFARRIX CD6Y BIR
BEEEASHRBBERS/ NRHITESREHNESER.
RINEA T ABHITINRE DA, LUBRREMRIIMREM
Mo CD69 Fl NR4A ZZAMNRABIFHRESH
RN PESA AR (RETLIRPRENRKISHERE (LAY
B) 09 305 BBRUS5ERHTIIE, XEFES5E
BEZ (= 128) FEIMYE (0 = 55) TEIRAKREDRKHS
HRECEEERR (h=122) o

#R: EEREIREE, MEMM CD69 FAM/NEH
DT RRGRERIR, MRS Thi7AATE T 4BREELEIS
M. ENEEEREASA T HE4HE LR CD6Y F5
MES, BIECE NRIA ZZARINE] Th17 MRENE
B, SEEFRNS5EMEL, GLIRKRMEGRFELIE
#EH PESA RS 5EIMNAMRAEF CD69 1 NR4A1
mRNA RAZEZTHE, FRAEEHNLTE logistic [E)3
R, EXMEARERER. NR4AL KX, EUEBE
B AKTEAARRAMMEITE T HHITIEERS, CD69
WREMNMARES T IGRED BB XRIEX (OR,
0.62; 95% CI, 0.40~0.94; p=0.006) o

2510 HBRE CD69 BUR/ME#RT Th17A8TME T 4158
5, FIBIT shBREEB YR LR, CD6Y 5 T 4Hf
ITNEHNREERZELES, BSNMRERATFHR

16 [ 2B E | Article Abstract Collection

25.

Ko RBWIGPREIRKFIFEENL PESA MAFIFFRAEIER
BA, PBLs FRY CD69 FASHERNFEZ AMEXR. EiF
BERRBMERRE, CD69 HIRIANARILIGKREKHS
BRI TN E Fo

XH8E: CD6Y R, Thl7 4kR; mMBkSEEEREL,; |
REERERD; BTN, HEAR

A Wang, et al. Oxidative lipoprotein markers
predict poor functional outcome in patients with
minor stroke or transient ischaemic attack.Eur J

Neurol. 2019 Aug;26(8):1082-1090.
w"E

BER5EM: SUNHTERMERIOERERPESESE
. A, SLiEEANEY, BEFaCREERER
(Ox-LDL) , SHEZEREER (Ox-LDL) : BEE
BEEH (HDL) MENEZERER (Ox-LDL) : &
TEREZAD (LDL) SEMEPHEHEERMDLE
(TIA) MIIEEERMXRERER. RIWENZH
RANIEE BRSEY 5 R B2 RS TE MR R & 1F
BETRIYBEETEZEIX R,

Bt FEREZRPY TIA BEYMENEESEEE
SEIERGRMERMESEHSH (CHANCE) RIEHIEBH, 90
XM 12 NAFERE, T RIFEIENR Rankin 3T
5> (mRS) 2 ~ 613 ~ 693, ZHAZE logistic EVIAR
Ox-LDL. Ox-LDL: HDL 1 Ox-LDL: LDL 57FRI&E
LERIKER,

SR ERARTHANN 3019 FEEP, Ox-LDL. Ox-
LDL: HDL # Ox-LDL: LDL RysR{ir¥t (PU4iialEe)
23505 13.96 (6.65 ~ 28.81) . 4.52 (2.08 ~ 9.32) #
1173 (527 ~ 24.85) pg/dL, AERERRAERE, SKIE
Ox-LDL PO %48t (p < 0.05) , Ox-LDL &=
A B BT 90 KBY mRS T4 2 ~ 6 HELFlIERE [
kb (HR) , 1.78; 95% CI, 126 ~ 2.52] #1 12 8



26.

27.

(HR, 1.42; 95% CI, 1.01 ~ 1.99) , 90 KB} mRS 3F
23 ~6 (HR, 1.98; 95% CI, 1.29 ~ 3.04) #1 12 ™H

(HR, 1.77; 95% CI, 1.09 ~ 2.89) o 34F Ox-LDL:
HDL #1 Ox-LDL: LDL &I T HMAILER,

#£i0: RekTRaKEEQTEYRE 90 XM 12 ™A
BEMEZEDE TIA BEDREIEFRIVRIFNESR.

KR BHHK; ahiEER; ahfEEREER;
g, REEIERERINA (F

Monica Villa,et al. Pro-fibrotic effect of oxidized
LDL in cardiac myofibroblasts .Biochem Biophys
Res Commun. 2020 Apr 9;524(3):696-701.

BE

50 ERIER B RIERS S il O BE AR AT 4 4R AR A OB AN
FREF AR DL, OB AEARR S S LML
HURBHEIEMAER, OINRRERNIREFIRALL
BIMMAR, REZAAR T BERERERTZH LOX-1
TEOBE R AT EARRFIA A REOIER, B LOX-1 Fafk-
AW RBERED (Ox-LDL) - ORI 4T
BRI RBIIRR, EEANIER, KITART
Ox-LDL/LOX-1 XTEFAEWATEMF O AT LT 4 4RAETH
BERYRCIM, FRATAYASINDIR4E RERAR Ox-LDL 170
AERNARETAEARPRAYINGE, 51T 1 BREZRANEEN
SMERDI A IS IEEAMARIEM, HRBT 1 BERE
EHMD W, Ox-LDL FERE T DAL AT
RERRIGENARER, BEEXNTa-TBINNE
BKF, XEMMEKHTF LOX-1, EHR LOX-1 BHEA
JHBR Ox-LDL XRZ, XLEHIBRPA, Ox-LDL XHOMILAR
AHEMRERETEENETIER.

KA OREAAETELR; RBERR; £FeEfl; O
LOX-1; |RZEEER

Banerjee J, et al. Beyond LDL-c: The importance
of serum oxidized LDL in predicting risk for type
2 diabetes in the middle-aged Asian Indians.
Diabetes Metab Syndr. 2019 Jan-Feb;13(1):206-
213.

BE

B8y SHEBERED (Ox-LDL) FAKRRAELR,
EOMEHREM 2 BERFTLIZEEFH. &R
E1EiTE Ox-LDL SERBMATSYNXER, HAIMT

©2021 IMPROVE MEDICAL All Rights Reserved

28.

IMPROVE REVIEW E3R#E-CCHE

MABRE (30 ~ 50 %) ENEASE 2 BIERFENXIRS Ox-
LDL B,

MRFIAZE: HBET 78 61 2 BABRBEREN 78 BEH
CECHITTHRLE, RAIBFBRMHRLE (ELISA) MM
7& Ox-LDL JRE, #{T T Htt AMENEFHELNE,
KEAZRER logistic EY37347 Ox-LDL # Ox-LDL/AE& L
FEEAMMEXME, AT 2 BIERAINAR L.

Z£R: RE 2 MRKRHREBEN LDL lBEEE (LDL-c) 5
SHBATEEER, B2 2 BERKRESEN Ox-LDL &
ESTHEA (p < 0.001) o Ox-LDL 55 g1 ¥E

(FPG) MBS ERI (HOMA-IR) EEH X, Ox-
LDL 5 LDL-c ZE2ZEMEXM, %It logistic EVARR
Ox-LDL. Ox-LDL/LDL-c 1 Ox-LDL/HDL-c 5 2 BU¥EfR
REEEX (p < 0.001) o LDL-c 5 2 BIfERHRTHERX
%, ROC-AUC B 5 # &, Ox-LDL/HDL-c X} 2 Y
BRFEERSNEFIEN (AUC: 0710, 95% CI:
0.629 ~0.791, p<0.001) o

it RNHMRERRE, 7 2 EERFEPERE
B, Ox-LDL 7EFZH MBS FINE PR & LUK PR O AE R
A EEREREATESHRT,

S WHEENEA; DIERE; E; aEEE
EER; 2 BERR

Sohrabi Y, et al. OxXLDL-mediated immunologic
memory in endothelial cells.J Mol Cell Cardiol.
2020 Sep; 146:121-132.

BE

FRGEEBE TR BB EHRENKEMEL
&, UM AENRRARSRGEXN S FER, §
MENWRZBEREER (Ox-LDL) » EXE, HiTHAR
TERINEHSERREETRE RS HIEHT Ox-LDL
BT RN EAREN. A Ox-LDL ¥ AFshikE A
i (HAECs) 73 24 /NiY, # B8 4 Xf5, A TLR2 ¥
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29.

&l PAM3cys4 EFRIZRR, £ PAM3cys4 RIBT,
Ox-LDL @I g M AAEAF0 IL-6. IL-8 A1 MCP-1
WFEEERTRAICIZ. XMICIZHF BT TLR2
BIBGE. Lthoh, Ox-LDL X HAECs BIBEH5 42 T HAAY
RBMRIBZZ BRI, SIFHE mTOR-HIFla 5518
B, WINEEEEENLETE, URKEERBHT
BRMIF(E LM, mTOR-HIFlo ESESHATHRE
HRREHNMEIEN TMRINKRE, o, B8
HAEC 27 ICAM-1 IRMEFBCEN ICAM-1 BIFRA
i, KT HIFlo, B, EMMRMEER, Ox-
LDL BrhfEezdprtfEiEigm. &2, HKITER
T Ox-LDL NSENNRAMREEE—FEast, o
ERBMRIEZERIE. EERAEBABRPETER
RIBHIS FA I8 1 SR Th Bk R B (L 4B R Th AESR 1A
5 HAEC FHFEMRARE., SEH—SHARRER
TEARA9 15198 T3 DR P sh KGR R RE (L 2 AR B9 ThAE AR %
M,

X928 ARMRE; HIFla; ICAM-1; XJE; TLR2;
WEHBEMELKX%RE, Ox-LDL

Xiaoquan Rao, et al. Oxidized LDL upregulates
macrophage DPP4 expression via
TLR4/TRIF/CD36 pathways .EBioMedicine. 2019
Mar;41:50-61.

BE

El=

B RINMEMABEXRE, —KEKE-1V

(DPP4) FRATERBRE/EHBXSREERE(LARIGIN, HES55h
BXoRIRRE AR 2IEMRX. FAT, DPP4 FiATERBREFH
REPTHNH T BER. EXTARF, BIART
AT ERRARE £ DPP4 RIAMIER

73k KA Flowsight® B &AW DPP4 i
TRBENE, A DPPIV-Glo™EHES Assay XFI=N
TE DPP4 B &4,

HR AXBERARKEPEKENRES DPP4. 5
IERERE B EAELL, AEREE (BMD > 30 MEREESR
Z4M DPP4 RIAKTFHRE, [FBY HOMA-IR. [I#E.

Ha=ENEFEEEREEABERKTRS. BMI < 30
£2E, AUEBEREER (OxLDL) , MIEXA
LDL, LiAEMELR E89 DPP4 RiK, LTI CD36*
AR, Toll 1 #F{K 4 (TLR4) BXEA] CD36 FAAREE
B&ff Ox-LDL /TS DPP4 EiE. TRIF 2T (T2

18 [N x#iBE | Article Abstract Collection

30.

MyDS88 ##Z) H]/Ei55 Ox-LDL i S8 DPP4 11,

BE. RMNMRKRE, OxLDL M T i
CD36/TLR4/TRIF 7EI@T DPP4 RiAFAIET XEIE
. |EAERM DPP4 HINAIREREGERABSHEER
BREIERIAGHEBEL LR AN

KpEin: HRKIGIRRE(L; —RKERKEE Iv; KUE; AERY;
ANREEEES

Lowhalidanon K, et al. Discrimination between
minimally modified LDL and fully oxidized LDL
using monoclonal antibodies. Anal Biochem. 2021

Apr 15;619:114103.
BE

KZEREER (LDL) AJEEFaNIER, LEER
BAREN, FER/NEFNREEREZR (mm-
LDL) , AEEREMELRBREANL, ERTELEL
IDL (OxLDL) - MBI EZBRZEY R

(TBARS) MERBMESEMN LDL KAINAE, B%A
JETEX S mm-LDL 1 Ox-LDL, TEXWMRA, =4
TERETA LDL MRS TEAE (mAb) , 7
WEEMMS LDL BEASERA B-100 (apoB-100) A4
Ho MM LDL @@ A LDL 5 10 uM CuSO4 fEE
TEB B4, TBARS AHRA, LR AER
AUWNREJTIEN 9 M, FREMTERN mAb #
17i8)#% ELISA LAX4% mm-LDL 1 Ox-LDL, ZILES
48 /NBYfE mAb 5 Ox-LDL MESBERMK, RMT
apoB-100 RFUE LB M. HMNMWERRKEA, LDL 5
CuSO4 —2FE LI~™4% mm-LDL 1 Ox-LDL HYS{EEY
B3B3 9 /NESFD 48 /1NB,

XiEE: AMREEEERD;, REREECHNREEER
B; BnERd; aStRBEEREER



31.

32.

Kuppan K, et al. Elevated serum OxLDL is
associated with progression of type 2 Diabetes
Mellitus to diabetic retinopathy. Exp Eye Res. 2019
Sep;186:107668.

BE

EIEIESERFBIMEEL (DR) WHEBEX, WE
B8 1 (PON1) B—ESES, BAIFIPLESS LDL &
o RIARIFEIE Ox-LDL @& S5 2 BYERFM DM
M DR REHEX. ZMRE—HAH=ENETERN
HIEMEMRN—&D, ZAREBET 87 BREHE, H
FEEX DR B 2 BRERMA (n = 22) ; FEIEAEN
(NPDR) (n=21) A4 DR (PDR) (n=22) WL
KR MR LA ERZE (n = 22) o ELISA 2iIi&
Ox-LDL-Fif, 7 EFNEME PON BSEE E R M
ER_E (MDA) KF, RAEENEMERIAEE
K& (AGE) K¥E, BRRFEDINETR, BEE
DR Y T2DM #/EZE| DR, £5 Ox-LDL. AGE # MDA
KFEAS (p < 0.05) o DR AMFE Ox-LDL-HfAKTES
BBEESERX (p=0.04) . MTRAYIBNAIRK
PON FEEEEM (p < 0.05) . EFXWAIFLHR, EiX
FEEARMPAFIARARIEFASMME Ox-LDL, LIHAR
ERIEE T2DM #/EN DR NBTEXEE .

XPEE: £, BREUMERE, ATE,; SNaB
B, 2 BIERSE, EWWRZEERER

Khwaja B, et al. Mitochondrial DAMPs and altered
mitochondrial dynamics in OxLDL burden in
atherosclerosis.Mol Cell Biochem. 2021 Apr; 476
(4):1915-1928.

BE

RIS SRERERNOMERR, SEGRIM%
OIER. PR, OBVEEMINE KRR, IERZER
Z£QB (LbL) #in, AEFENSAEZEREZD (Ox-
LDL) FRAREDDRGHIFEUTETEREREIRDIE
Ko RIENAREREPET EERBEXD FRA

©2021 IMPROVE MEDICAL All Rights Reserved

33.

IMPROVE REVIEW E3R#E-CCHE

(mtDAMPs) f£5 Ox-LDL thfEl, EXEMERES TN
BEM, mDAMPs BIELAIE DNA (mtDNA)
BERC. DBilE. MIKTEB 60 (HSP60) « LRIARER
EF A (TFAM) #1 N-EEtRK, mIBEEEIREIBKIIERE
KIER. A, XEFPIRMHAEIEER. mDAMPs &
215 S BRI RO R T 5 | R T E I RE,
FRARZEIESBEERARET NOD-. LRR-H pyrin-domain-3

(NLRP3) #AE/ME, mtDAMPs B5E NLRP3 AHE/
i, RERAAREFND W, 8FEANE-1p (IL-
18) , B METBHMBRLTEMMILTE, hRKEEIEEM
BRI R SohRGR R T X, EXREXEF, i)
%3 NLRP3 &M/ IMETE mtDAMPs ESHIRIBKRIERENL T
EMRERI R OMER BT TIEANSRTITE, GF
caspase-1, JiR X =ik (PXR) , REHBEBRIEER
BEs (AMPK) , BEBELES 2A (PP2A) , BEXEEREH
HEERAER (TXNIP) MTHARREFEE IL-18 M
IL-18 ERENBKSH MM BIEN B, BEiFthIEMR
mtDAMPs BHEREFNRES Ox-LDL BIRIEXEX, Xi#h
AT FEEEANEX.

REEE: chBKOBHEERENL; BAMEXMND FEN; Xk
f&; £&HI1K DAMP; NLRP3; EWERBEREEH

Kanokwan Lowhalidanon, et al. Discrimination
between minimally modified LDL and fully oxidized
LDL using monoclonal antibodies Anal Biochem.

2021 Apr 15;619:114103.
BE

RZERER (LDL) MaNIEEHNSEHITH, X—
HERFERERERSHE N NREREEIHHNRSE
FEEH (mm-LDL) , ARRREEUNKREERES
(Ox-LDL) , RBeXMEARIMW AL, HRAELZRKR
R (TBARS) EB—FRINWEN LDL MEFIE,
BiZ A AFREEX S mm-LDL #1 Ox-LDL. 7EARIARH,
BAMERT 7 M A LDL M SMH B REGE
(mAbs) , HEEMMSE LDL WHAEZEH B-100
(apoB-100) HENLEE. BAREEREAS 10 M B
BRRFE RG], SIEMEZEERSH. TBARS i
WK, REMEFNERISABRELE 9 h. £/
FTERRI B T A TIENE ELISA X4 mm-LDL 1
Ox-LDL, ZRAM, TEIEF 48 h 5, RRMEMAKS Ox-
LDL WS ZEMEE, RIRT apoB-100 HWEKEF. F
MNLERRE, KEEREERS Cuso, BEER mm-
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34.

3S.

LDL #0 Ox-LDL BIR{ERSE]9359 9 h 0 48 ho

XEE: MEEEREEZER;, RERECHNREERER
B; BrEhE; SMRBERES

Zhang S, et al. Natural products: The role and
mechanism in low-density lipoprotein oxidation and
atherosclerosis. Phytother Res. 2021 Jun; 35(6):
2945-2967.

BE

EEGREE R - A . R, RWEFE
7, ASBENRERNERIKER. MNERERIRK
HERMMTREE, BBEEEA (LDL) |WEDLKN
BRI RPAEEXRIER, AX5KT LDL
WEAHE, S LDL ERIBKSHIFEEL H B sk
EREAHEMITENER. AXEERT IMARER
Y (HER E. BEFE. BRE. BEZHE. H
2 1A, REBF)IRZRBFREMEMLR) &
Fips LDL S EhBkoitE B S EmNVEGEER. IRK
FEMARREXLERAYENS LDL SR
B EL S EARFHNER, BHENFEEFI
XAIBES REMRPIAR. RAXAF YT 26T
EERKRER, TH LDL SUHMYHEFSNL LDL B
BB TR AR E BRI ELBITT .

XEEiR: shBKOREREL; OLIMERR; REBEERERD;
RATY), | AUREERES

Kim S, et al. Oxidized LDL induces vimentin
secretion by macrophages and contributes to
atherosclerotic inflammation.J Mol Med (Berl).

2020 Jul;98(7):973-983.
BE

SEH ERRAI B RRRI L E R EANREEM. B
WA R TR B NABRESMEIRR ; FAT, SBRESMEAZ
EANTIREM I RHAER. RIAMENRZER
EH (Ox-LDL) &id CD36 EFERAMM S HFHE
Ho BATELH, ARINEERIESERAMRBEHRAN
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36.

AT, Fi%5® Ox-LDL FESH TNF-a M IL-6 B9
o HREINEIE QBT BB L RGRTILES (p-FAK) AN
IxB B (p-IkK) FUE NF«B 5588, MRINFHTE
HAEAIA Ox-LDL ESHI p-IxK FE kB PR, K
EHIESH TNF-o BEAEKH T Dectin-1, {BRZ Dectin-1
S5EEERERE—EN. BIMENT EREERR
B, RUMGhEGEEREMERIBEREE NSRS
HAFPETEESRE, BEFF Ox-LDL SEFERRE
EBERX. TNRERP, AHREIESIEHRGHIERE
K apoE ERK/NBRRIINE R & B IRES T TEIH
BBV EYIEFN apoE BRAUNRMIINE, HITSHLE
it, KEERHERAMRAR Ox-LDL/CD36 #HEEAS
W, HRINER R BRH BRI AARE T, X
AIRESEIRGRIEF L RAEE X, RIERIINILERTER
DM, BATANME R E B B U EA R
TRNARE. XBEEE: Ox-LDL i@ CD36 S B
swErER (—HERERER) . SARNETER
ESERARBMEAAREAT, MAHBIFFEEF-o

(TNF-0) , X—EERETECEHWBIHEE (FAK)
NF-kB ESBENEN. SREEEENEREER
RESTWRE, METEFEERRES Ox-LDL REE
EMEX,

KA. SHRKSREERE(L; HEIZIRK; NF-«B 55; &
HEZEEED; WEFEEF-o; KEED

Gliozzi M, et al. Modulation of Nitric Oxide
Synthases by Oxidized LDLs: Role in Vascular
Inflammation and Atherosclerosis Development.Int

J Mol Sci. 2019 Jul 4;20(13):3294.
BE

eNOS F=HEM—RWA (NO) EEKFEHNEFZEMEN
ERENXBERER, 5—FHHE, HFERRENFET
iNOS RUBUE, NO TE2FESHARIIAERER, HTiE
HSHEHCHEBELN AR, SUREEEER (Ox-



37.

LDLs) Z5|& KM R THAERERS AN I E K E S Bk
HEYHEY S TIENEERIES, BHREBEEY
HnEFER, X2, RIIBETRIENIHE, KA
Ox-LDL X eNOS/NOS #lHIRAT =L B EREE
B, ZER\Eid HMGBI-TLR4-Caveolin-1 & T i
eNOS REMB, Z—7ME, B Ox-LDL SHEFE
KRR LOX-1 BIFFEE0E, PE/E S NFKB BUE, #il
0 iNOS, S EC EhE. &E, XEBHFSREP
M B R MR EAARATINRE T B X, MMECER
ORI ER. B2, XEERIBRT Ox-LDL 8
% EC INBERERRIBEENS, HATMBEhEKGHIERE
LIS AR T BE T FE9 A,

XA AME NO BB cNOS; RARINEERER; BS
BA_SHREE (NOS) ; RLEREKEER

Sheikh MSA, et al. Role of Plasma Soluble Lectin-
Like Oxidized Low-Density Lipoprotein Receptor-
1 and microRNA-98 in Severity and Risk of
Coronary Artery Disease.Balkan Med J. 2021
Jan;38(1):13-22.

BE

ER: BROHERESBIERTCHNREERR, X
LB ESHPGREENE X, AN RERHEL
RZEREEZE-1 A microRNAs SEhBXRFELE
BORETIEX,

BRY: TR AAERERFENVNEEREARG-
1 71 miR-98 SR B ER™ B EFRLAIX Fo

Hzigit: HHIXERAR.

Ak MEERICRM 38 REME. 75 FIMEM 62
HEMERBRERMEREE; 62 [ARENRE5E; 24
NERE (1%%) BIABERBKM R AR iR AN A
Fo BEEERERERIXILNERF RS RERESR
WREEEELRE | RE, ABIEELNESHHE
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K NME miR-98 FiXo

HR: 5% WENSZEREPOEREE MERHEE
BEZHENABEEEAZH 1 WRAKTEEEZST
REESTERA (p < 0.001) » FH. WE. BEZWORKZ
MHEEREATAEREZHAURZTEREAZRE-1 R
ERBMEBEBPEAD (p < 0.001) o FRAFHKALM
R ER R E MR A REREAUATERR
BRA-1 KTERESTFERERASE (p < 0.001) . $
¥ (ML TER = 0879) « WX (ME&TER =
0.928) . %X (METEM = 0.943) TREAKERE
E5RRITHREMLATRENBRENSRYE. 53
BRZAMELL, miR-98 TERR. WM S HAEMFIRERK
FEREBEMRENARFERBKAEARPRAFE T
(p < 0.001) o TERERGIIARFERBXNEZAED, 5
SEZHRNRZEREARAE-1 M caspase-3 EEEE
A5, ARENEERE, Bk, miR-98 KRS E
R caspase-3 FIRERHANKEEREEAZE 1K
K, FHARKRIGINT MAIETT.

it ERnXTAERERFENNEERERRH-
1 KA S H T ERAIERN ™ ERERBER
m, H5FRMZEEREAEXM. MF miR-98 K
TRETEFRANEERDRERNERESR,
agomiR-98 BIELEBERFANREEEELREF-1
eSS lapenlinG s =2 Sl kAl

Martinez-Soto JM, et al. Increased serum ferritin is
associated with oxidized low-density lipoprotein in
prediabetes patients: A pilot study. Heliyon. 2021
Apr 9;7(4):06720.

BE

BH. XRBWIFMAESEREMEHRED (SF) AR
BERERFIARENOMERREARE X,
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39.

Ak 815 18 BERKETAREN 36 &REERRKR
HNZRE (WR) . FEABERFE. FLELSA.
BATEMNNG . £5&F&EEIMEH LE. T
T M4ERY SF RS

%R SF MEWEBERER (Ox-LDL) 1EHERFR
HBERFAS. Wb, EEMERFIAMIEAR,
AR, Fie. =IEmYE (FPG) . FEEHR. H
=B (TG) . BEEE (TC) MEEERER
&, BRAYE (In) -SF 5 Ox-LDL # In-Ox-LDL/LDL
X, &a, ESINBEERERN FPG. TC. TG #
BlEE, EXRAMBERFBHHAZIHES, n-SF 2
In-Ox-LDL/LDL Lb BRI FkE (B=0.2915) o

£i0: AMRERKRE, SHELMES Ox-LDL B
%, Ox-LDL WINARETENOMERBREARZ—, X
fEIRATRILUR L, SF AVIEINEIRe S BHERF LI Z ATHY
BIIRERRIE R, FEH—P N RRE LKA
BITEREPRRRIHAS T Ox-LDL £FMERX R

KEEiE: sHBKOREEIEML; TREMMERR; |UMEBERE
A, AIERRE; ME%ED

Sun Y, et al. Knockdown of IncRNA
ENST00000609755.1 Confers Protection Against
Early Ox-LDL-Induced Coronary Heart Disease.
Front Cardiovasc Med. 2021 May 21;8:650212.

BE

ER: AARIAET KEIERID RNA (IncRNAs) 573
& (CHD) Z[Blf9KEk, Hit—FEBET IncRNAs 7E
CHD ZRIGEIPIBEEMFIER, Hik: F 2017 &
2 B 2019 4F 3 BIEFRERMNHET T —TURGIITBHAR
(590 BEBEM 590 EXRE) . FRDSHEMEE
OB IRERHAITTEE. A IncRNA #ES (5
NMREIF 5 DITERIGSMED) FRiET 5 MEBERRMEN
IncRNA, BN EERAERN (100 MHEFIF
100 MYIERIIMNEMAMIE) H—FWiE. UAWEE
EREERA (oxLDL) ES AT KAk ANE AR
(HCAECs) 188, LIINEEERLFF S IncRNA
ENST00000609755. (Inc-MICALL2-2) £ Ox-LDL %S
#) HCAECs #1581,

8. 1AW 320 1 IncRNA 7£ CHD EBEHRKLE (Z
BTN > 2, p <005) o @EIREET. BARKIEM
HCAEC SEIORIZEER KA, Inc-MICALL2-2 £ CHD =izt
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40.

#EH Ox-LDL i5SM HCAECs $hifpiEaidh i, 8k,
Inc-MICALL2-2 {&9MIER55 T Ox-LDL X HCAECs 72
. EIEFAT AR,

£530: Inc-MICALL2-2 MIREFERE CHD WUIIBM
HE, MEEERNY Ox-LDL E SR OEN RIS
B EERPER.

KR WHom; MIRRER;, ARRBRARAR; K
IF4ED RNA; EWIREEREEZES

Ahmadi A, et al. Antidiabetic drugs and oxidized
low-density lipoprotein: A review of anti-
atherosclerotic mechanisms. Pharmacol Res. 2021

Oct;172:105819.
H/E

DOERREERAORTHEERREZ —, shikHRE
BEYREAARRXEVMERFENEE—F, BEXR,
SNREZERES (Ox-LDL) fERBGRERELIN AL
MERPHERBETRNAR, o+, RERIHBRESE
JESE, WEFRAEE R EChBRREERE (L BRI KL EE R,
A, HNETEERLTHERKRZYN Ox-LDL fEIF
KERIRARIKRILRE, ElRKLE, ZEBXAN. Big5
ERFN —RKERKES 4 HDHIF SXTHEMT 22 EE Ox-LDL
HINEIEREX, A, BRIEEHEEBHEMNHRT
Ox-LDL S5z (WS MAERIERL | SEFEFIH
M-EHEREEER 2 MEF) ZEMXRHFTIRKT
flio TR, BRITZERENBRBLYLIZENSH
%I, LAY Ox-LDL 7EERR4HR. AR MNE T 5
AP ARRIER. BHIKRE, TUERKRLYIEILE
KB Ox-LDL BIREY, H/DHEHNAERES,
MRS LE ERRARRALMIRTIS I, Hhoh, XEZGYBT
il Ox-LDL #NBE{E# E R RME Ox-LDL FSHNE



41.

WEAR AR PR A AR L. B, ERBAYNG
#. PEAKNARATIFIEERT Ox-LDL 5|#AYZE
1, XxEHINERAEERIBK B IFE A .

KA. BHBKSREEREL;
ZERER

DIMERR; FERA; AWK

Laszlo A Groh, et al. OxLDL-Induced Trained
Immunity Is Dependent on Mitochondrial
Metabolic Reprogramming. Imnmunometabolism.

2021 Jun 30;3(3):€210025.
BE

SR NREREBCR B LTS, AR
EREER (Ox-LDL) , BRIZ4ARE/EVR4AAE AT REXKHR
RARE, ZWHAINGRRE. XHYHIETEES ZhRKHS
HBEUPTEENEERASIRET R, EXTMHARF,
HASEERAEE Ox-LDL ESHIIS R i
#F. BEATBNASZAREET Ox-LDL 24 /]
B, 5 RiEFA LPS FIBLUNEAEEFHIF=HEBES o
RNA MFER, Ox-LDL BF 24 /NG, ShEERE
PEENERKEEMN. BEABRATCEHEFIT Ox-
LDL I4RH ERARR#ITIH — S AT I, KW=F
B (TCA) BHREMESE. RARIMER, £
Ox-LDL lIRM ERARE & B EAMENIE, AIESEH
KB 1 (OXPHOS) SEMIEMABERXR. 5 OXPHOS %
BFEHTEEE AN Ox-LDL #ESMIIE%RE,
243 BEERZIHAEMAFIPRIESR T OXPHOS HIMEXMY,
£R5 OXPHOS HXMEREBEANBEETRSRZ
MA#ES Ox-LDL JISMEEHHEX, BBNE,
OXPHOS fASF-7E Ox-LDL JIIZR8Y EvE4RAa i iN4HAR A+
ERNMFRIESEER. SRBRNFEERRTEE
B3t TCA &I, B ZYrEMTIXLRZR LLE Ox-
LDL #SM)I4R %%, Ox-LDL 4R E4RAERTLhL
R & ENEEMAME L, OXPHOS Bl RERNSE
ENH, XETRE TR ThRk R BE (L IR TR 25 IR P 58
o

/o
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43.

IMPROVE REVIEW E3R#E-CCHE

XA RBERE, SNk, BRER; SLREE
BEER; IHEERNRED

Zamora-Ginez 1, et al. Relationship of the low-
density lipoprotein (LDL)/high-density lipoprotein
(HDL) index with antioxidant enzymes and with the
Ox-LDL/HDL index. Gac Med Mex. 2019;155(5):
453-457.

BE

BT RBEREA (LDL) /SFEREEH (HDL) 8
WERCHBGREBUNTNREE, SatEihEx.

BEY: WHE RS R URAITSBER M,

F3ED HEN 444 BFEE, ANEBTIRR. AED
BNEARIEDT, NEBEAYIKLEE. SREKIR

wHEs 3 (GPx3) . EMAKREERZHL (Ox-
LDL) % (Ox-LDL/HDL) #{T&1k.

£55: LDL/HDL 383U FF% 1.014 A5 BE WIS LES
N1 BA/mL BX (p = 0.030) , M 0.023 gL
5 GPx3 10 1 nmol/min/mL X (p < 0.0005) . 5K
#N—MNEAIS oxLDL/HDL $5EKE10 0.831 #%x (p <
0.05) o TEFRHIMERI. FHe. WA, FBRLFIRE B RIKM
WEMG, SEREMURE 0.001, SERTRESE!
1 pg/g 88X (p=0.020) o

é:t 8. LDL/HDL 1: &%#ﬂﬂ.’:'{k/u\EEJ\*E*’ %ﬂﬂfn
KE2EEXR, MEEMOMEMAURBNEER
%*0

XA AN, BREERER/BEE
A ABERED/BRERELIEN

EES=EiE

Elena Rodriguez-Sanchez, et al. Oxidized Low-
Density Lipoprotein Associates with Ventricular
Stress in Young Adults and Triggers Intracellular
Ca?* Alterations in Adult Ventricular
Cardiomyocytes. Antioxidants (Basel).2020 Dec 1;
9(12):1213.

BE

SWEBEEER (OxLDL) SOERGEX, #S

B MARERENHG. HITHWENIMR Ox-LDL 7
DERNBPIER. BITESHAATERF Ox-LDL 1 N
IEARFISARKAIR (NT-proBNP) ZIEIMIXHR, N i
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44,

MEKFTAR OGS, TREHFEBERERT
KERKZER (SCAD) WERZIHE (30 ~ 50 %) H,

Ox-LDL #1 NT-proBNP E&E/0MEXE (CVR) ZiHE
FEESTHROMBEREZIRE, B5%F4% CVR BAX
M c REEZAMIERX, I+, SCAD BER Ox-LDL
# NT-proBNP KFEEERFS CVR WRILEE, AT
FATE Ox-LDL XTUMEIEFRIARREAINE, FITERHE
EEMESFT Ox-LDL XAEARBRLECALEMRA
Ca M BRIEIMNEIR, FREOEOAZRAEYS Ox-LDL By
SMRE R TURGEER Ca BRASTIAER Ca¥ fafi, It
9h, BMBET Ox-LDL 3, SFKHABELN CaHRE
Eigm, HLt, BHITIEA Ox-LDL EERZIREHRS
NT-proBNP #8%, FEAUEBZFSEHELEOANF
CaMIBRY, LA S B OTNEEREBRBOESL

r\r%"o

XA Ca®40I2; NT-proBNP; REMELE A
i, ENREERER

Sato A, et al. Angiotensin II induces the aggregation
of native and oxidized low-density lipoprotein. Eur

Biophys J. 2018 Jan;47(1):1-9.
BE

REEREER (LDL) &R (NEAMRE) Uk
ERKE (Ang) KB5 T ERCHEEELRI BN,
EXE, BIART Ang ZRAZ— Angll M LDL
B, ENNREZENXR, BIRRGHRERS
AABERE, HALT Angll BEEFSRBERER
MENEZEERES (Ox-LDL) WRE, HE5R&ER
MAERERLES, MERK Angll 89 N 3 Asp FZALHIRK
(Anglll) NES Ox-LDL MIBRE, iM3E LDL MRE.
WIREERTNE, RITEEE Angll 5 LDL 0 Ox-

2 [N sTEiEE | Article Abstract Collection

45.

LDL FMEMEEAERS, BEERER (PC) MR
& PC #8EEMA, M Anglll S&1 PC HEEA, M5
PC FMIAMBREEAERAEEIER, Mo, MABLR
R MRMNELRIESE, Angll NEF LDL &b, X
LE4ERAREA, Angll AJLUBE S LDL # Ox-LDL 45,
LTHESFERRMKS PC MAWL PC 44, HMES
LDL #1 Ox-LDL HREMS 5 mAHEE LR LB
#l, #F B N-Angll B9Kif Asp X LDL #1 Ox-LDL f945
ANRERRMHREE,

KRR BE;, MERKER 1I; BGRFREN; [EE
BEER; f; BAsEEm

Obermayer G, et al. Oxidized low-density
lipoprotein in inflammation-driven thrombosis. J

Thromb Haemost. 2018 Mar;16(3):418-428.
w"E

MR OMERFECENERRE, WOHE
5E. RMFERIAKIEEE, B|AAM/IMRSUERIM LM
SRBUE R MRS, BREIRMEXAZM
R FESREARIN AN B AT B X AT EFE5
MR REEEXAEERERRRNERT, &k
BEEAR— I RUNTEREMAR. ANEREREE
BREADTERBKIFIE W BBR AV R RP RIFE
ZOMER, EHESBmMEEGNAEMIERLEEE
ZEM. It5h, FETARMEALITLRAKEEZEA L
EFRRAERIR DETR, FIEIMAI MR 2 ENLHIH
FIBETERFAKIMAS TP RIR(ER. EXRERF, i)
SBET BRXFaKEEQNEAS M MARNES
5 miefzapBRRAIR,

REIE: RN RE; BB SAREERER; T
KW, MAERIAL
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FEPAXEEIEEX TAaNRBERER (Ox-LDL) X—HRicYNIEiBRF A aiESNE], ZXNEB T SEERGH BN SMEERUL
NERNRBEIE. UREEREEANSEREIESIRORIFELIIME, ERMBCRIFREKNAT HES, STHICHEELERT
Ox-LDL BARERM ALY, Ox-LDL RITEARIRKMGIFRE(LEIRICY), EEEOIVERE, FNFOMERRENS UG T AIEFR.

SRR ERERIRSHITNBRBFEELEIIH

Chainika Khatana, Neeraj K. Saini, Sasanka Chakrabarti, Vipin Saini, Anil Sharma, Reena V. Saini , and Adesh K. Saini

H"E

MAERBERANEMBERGHFEL (—MhREEER) NARTEERFH, MIEFELESREMARENETE
EeNOOERFNEIERRF. ARRE. BEEP. REMEMD. ASNEESN5ENIERSERFERRME T shAKAEHFE
e, HERBHEHREENIERTE, ARFEUERERED (OxLDL) MRRSILRTRMERNRE, THEE
B, MEBNIBRERSHMETN (Z2AMMRR) , SEOIEE. FRMOERRE, FIEXLEERESSE LR
BEBAROMERRK. BEMNVGEXHRHERTREFNER, BATHEELIEFRR. MRENFLEERETHHR
TBRMTIEAR, —MULRIERRRE, X LDL. tSTRZY M FAVAS. HDL MMAsE RN BEE BB ELS B THNER
W, FATEBEENER Ox-LDL ESHIshRK SR BN GG, LBBLEShRR SRR R A2,

T ® 1. DHGRHELNBIRES
R DEMAR (WHO) FIZET HRET Uttt RSB ST Hiitns

FEMETHER, HROmMERRK (CVD) RAER, 8F M3 AR R 2 B R EA 7K T

SHL 1790 FART (HRDEARERRABE) o FAT BImE

FRAERNBIRANRE B RRE 52 EREXH X B R CEENE AR

Ro RITHFMRKRA, BBEEES (LDL) (BF 20 ~ HDL {83 H

25 GERKNNIIRIEHFNEERE) KEADIESHEBKRE DI ERRIESE

BUNEBRE. DERHBLEHIER, BERAN AERE

‘i (CHD) , SROAVEEMRMERR, 5lEPRMN TS

HH RIE. sIRKBEELE—TERM. #HITERNRER B4

7, TRREFMRFLH S XANPRERBHEBAR T TRZIEE]

B (RAEE) B9, ShBRERARRNHBRIURTEER [EF7/40ER

2. KA. shE. OERESERFESERERENEE. 12 = REE R

EMFEMECY (R 1) . SENRARBIEHEVEBEERS ABRHNEFS

B (0x-LDL) . WRINREEISME NI HCHFELR TMERRIRE

RHBBEREERS ", DEMHSEFRE
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FIEBEEXGT, ARERFEVERRSEESEST
BEEER, FEXMRSHNERREE IS AX=EaH
BEN—RIIRE CEHEEYRELMA ROS, FEHELHEY
BTELEFRI9 RNS) 112, R RESEERSNE
HKRFAZBNFTELSHEUE, MMRIFEER. %E
MERSEMDF. BETINRECENYERER IFES
. B, RIMERSSRA) HRIRMEES (90 NADPH &
KEE. BEER AL, AREE P450 F—AUASHE
(NoS) MEEBFHENL (FWMRE) | BESSH ROS =
HERYIG UL, RBIRE, BIERFETEANYEALSS
THEMEH ROS MG, IEFRS CVvD EFEEMEXE
BEEYI R = EEAR, XEEARRAT LUBE S5 AT O
ialeln, BEREM, BMIERIEL, B RE IR
(ROS, RNS, HTELEEREM Fe M CMFET) EZF
TAMASRAER SR OARE M PEERRAE (YLhBR, EAIEELSE)
R W IERITFRIS 2, 4R LDL /KEXS CVD REE
@24, o, SRIEFBERNER P RE WS A LEE. IR LEE
MAMEEE P450 KHEAKEEA N, TELIIEF~% ROS,
EREENET 3 MEL: BiE. FEMLLR, SHERE
SUNHLRERBERENER (M cH, BEEFRIERF)
A, #mMIY LR, TltERESERNERERTER
HE, EERUABRIELE, &E5, —BERIFERE”~
¥, REM=LLE, BRES™, AFERIECRERE

IMPROVE REVIEW E3R#E-CCHE

BIFYNERN, NERIEUHITELEE SR,
BEUE TEXH MR ARIMEER DRI — L,

FEEEERT, 3 LDL AHA=EEMABEREEAMR,
SMNEERERE. hrEERBEIREANEN MR T Bk B E R A H A
EH B (ApoB) AR, MEMZEEEEHKTEIEINESR
S5HBCREBLEXY, TELEET, REEEEANES
WBIEFUT R RRE, TESRBIEDF. TRERN
T, MRHPEE ApoB HEEREI SRR EED MER
B TFHE®R ROS &AL, EXLELHET, LDL #EMHR
Ox-LDLP, WE FTHREERER TS EEZARSEEIN
iE, EHREENDNERMA, Ox-LDL £ ERMIERR
Sk (CD36. SR-AVII #1 SR-BI) HISRERMEK, BEEITHNE
WEAARACT, XRAAIFERN (OSEs) WAL ETTREW LA
MAEBRNERBERFAIRF Ox-LDL Lk, Mimig3E Ox-LDL
HERMEIAKE, ERARBEIEBRZIAESTE Ox-
LDL, Ox-LDL 7f EmAMRTHNRRFEEEFEE /NS
W, MAEKRAM, MEEFARSSHEEEEELRE,
MM SHEHRREEAHIRAZEL, MMRSMARmOHM (R
EERE 1) B, £, RRO—IMARRET WBEIRSE
ARG AL A S R A SRR SR R RE (LRI RERE/ NARRE 1| BOTLAR
B, RARK) LDL FEETEAINRIZERKGRREE LB, X
EREEZAEBBURE, LDL —EELTEN, REFMBERT

AR,

1. SRR UEENMETEE, MRPHREEEZERBEIRANAR (HEME. SBEE. RENZMESE) FARER. ZRORR
AT AR BZAAREIN D Fo BRARANKE, ~EEHE, AUEREEER. ACNEREREEARESNAAR (RZAR)
ZHRRAMKS BN, EMMMERE Ox-LDL FHl, EEIEAHALMEAAMR. BAARIET, SEATYRREIIE, BRARE®BE
WA, REFR—IANRERE . RBIXIME, HETMIBR, BHMRER. TRNAR CREPE) . REEAMEFRAME. B
REARTEREN, HIELSHARZIRE. HRNARABTEBSERMDGET, FEERSHNMNER. WEEMESE LR

BLItE, PIRERRERSE PRI OAERE,
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MEFHAERE, SZERER (HDL) « WRMHAE
ZH E (ApoE) # ApoA-1 ERH@iE ATP £5&E (ABC) &
ARBENHEAEEHRSERARDZRBEENR
B3, X R R R L B YRARA & B AL R R AR B BB
o ILoh, MEUFITERBMELERR ROS USRS
B9, 3 FIBARRE R S BT R B R AT A
FLEEBEFRBAMETEN, &b, RITHETXIERKE
HBLHEEXSENTERERNER,

2. SUEBEREEQERMGEFECNEIEEKRER

REEREASMEERIAMNEERE,. SEEER
SWMEHE, SEURENHLEBIHEKEY, EBF
BRELH 3000 kDa. H1RH 220 nm BISFHIFEFES, LDL B9
BikiZOEBAL 170 MHIB=E. 1500 MABEEEES. — 1N
700 NEBESDF. KLY 500 NRESUABEIEE S FAARMAIFR KR
BM—NEIHA 500 kDa BY ApoB A#EMZARLE), LDL # Ox-
LDL BY£5H90E 2 Fimo

ST, LDL &AL Ox-LDLPY, BRItz 5h, BE
SGHMEHERE A2 L—MEREEZWERMMRIRSINERNS
HEXE LDL™, 1352 7EIBXIFRE (LT E, ROS ZfREE
&, MM5IkER. RBREREASUNREEREEAS
MHERELENT, FHEEEES, KEREBRER, €E
ApoB MIMISBRTAE, HIEEM ApoB™, 58 RIEMASHER

(MUFA) #tb, REEEEZERTRNZFTRMNERR
(PUFA) EBZ &KW, PUFAs BEIEK (ES{EMIFESR)
BUNEIENY), #H—DOBUERES RIEEFYNA
By, MR"EEN 4-BETE, ©15 ApoB NEXREM S

TRE. BiERMLSRANBERIERITZRMEYH, EXM
fERT, ApoB JRET LDL SWAI~EMERE, Lo, HE
ERNEANSERIEMBEENAL. REML, KX
BRFEHNMRNE S E I RREXMERRNHEPEEERF
o EHlt, THFHXMHBRBIRE, FEHE—SHMH

=z
o

Virchow #1 Windaus 7€ 19 42 AR T IEEBERD
BRI R A X B2 1EMA. Windaus TEALENBXP LI T BB
[Ef2, FEfS Nikolaj Anitschkow JESET X—s, MAIERE
REEIEZ Y6 F A P=4 7 shRKSHIERRML, IXREFIRE PHIREEES
2—1NEERE™Y, Carl Muller I8/~ T UEEF A& {EF M %2 A8
EfEZESAGRNER, XABEREMRGERT HEHR
=, BISINT SBEELES, I AREEREICIANREER
ERFIRER BN AR HREEARE T BIERRIRGH TR
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Dyslipidaemia has a prominent role in the onset of notorious atherosclerosis, a disease of medium to large arteries. Atherosclerosis
is the prime root of cardiovascular events contributing to the most considerable number of morbidity and mortality worldwide.
Factors like cellular senescence, genetics, clonal haematopoiesis, sedentary lifestyle-induced obesity, or diabetes mellitus upsurge
the tendency of atherosclerosis and are foremost pioneers to definitive transience. Accumulation of oxidized low-density
lipoproteins (Ox-LDLs) in the tunica intima triggers the onset of this disease. In the later period of progression, the build-up
plaques rupture ensuing thrombosis (completely blocking the blood flow), causing myocardial infarction, stroke, and heart
attack, all of which are common atherosclerotic cardiovascular events today. The underlying mechanism is very well elucidated
in literature but the therapeutic measures remains to be unleashed. Researchers tussle to demonstrate a clear understanding of
treating mechanisms. A century of research suggests that lowering LDL, statin-mediated treatment, HDL, and lipid-profile
management should be of prime interest to retard atherosclerosis-induced deaths. We shall brief the Ox-LDL-induced
atherogenic mechanism and the treating measures in line to impede the development and progression of atherosclerosis.

1. Introduction

World Health Organisation (WHO) has enumerated quite a
few diseases responsible for the disability and deaths in the
industrialized world, among which cardiovascular diseases
(CVDs) are the most common, invoking about 17.9 million
deaths annually (WHO fact sheet). In-depth mechanistic
knowledge is anticipated to lessen the effects and conse-
quences of critical risk factors involved in this disease. Epide-
miological studies imply that elevated level of low-density
lipoprotein (LDL) (cholesterol carrier through the blood of
20-25nm size) is the chief contributor to atherosclerosis [1,
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2]. Atherosclerosis refers to the disease of arteries which com-
monly manifests as coronary heart disease (CHD) leading to
myocardial infarction and cerebrovascular disease leading to
stroke and other complications. Atherosclerosis is a complex,
progressive, inflammatory disease that mainly occurs in
subendothelial space (tunica intima) of medium to large-
sized arteries at regions of disturbed blood flow or bifurcates
[3-5]. The progression of atherosclerotic disease depends on
the presence, degree, and persistence of risk factors like
high-fat diet, smoking, hypertension, history of heart diseases,
or diabetes [6-8] (Table 1). Experimental observations have
explicitly pinpointed oxidized low-density lipoprotein (Ox-
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Smoking

Low or impaired HDL
Family history of CVDs
Obesity

Aging

Male sex

Physical inactivity
Stress/depression

High cholesterol
Sedentary lifestyle
Unhealthy diet
Psychological and socioeconomic factors

LDL), endothelium dysfunction, and oxidative stress as the
most prominent risk factors in atherosclerosis [9-11].

Under normal physiological condition cell maintains
redox homeostasis which plays a significant role in signalling
and, any imbalance in this homeostasis may instigate a chain
of reactions generating free radicals (reactive oxygen species
termed here as ROS or reactive nitrosative species termed here
as RNS) [11, 12]. Disturbed redox balance or the imbalance
between reactive species and antioxidant system leads to the
oxidative stress that damages biomolecules like proteins,
nucleic acids, and lipids. Exposure to exogeneous chemical
and physical agents (like environmental pollutants, radiation,
UV exposure, or smoking) or endogenous enzymes (like
NADPH oxidase, xanthine oxidase, cytochrome P450, or
nitric oxide synthase (NOS) and metal ion catalysis (Fenton
reaction)) generally results into increased ROS production
[11,13, 14]. Physical forces including oscillatory shear are also
reported to have a share in vascular production of ROS [11,
15]. Lipids serve as primary targets of reactive species with
important relevance to CVDs, and these lipids can be
analyzed by several methods [13, 16, 17]. Lipid oxidation,
commonly known as lipid peroxidation, is a process that
involves peroxidation of phospholipids and cholesterol esters
at the polyunsaturated fatty acid moieties (linoleate, arachido-
nate, etc.) by nonenzymatic mechanisms (ROS, RNS, or in
presence of transition metals like Fe** and Cu®") [18-20].
Maintenance of plasma LDL levels is important for CVD
(23, 24). Additionally, the polyunsaturated fatty acids may
be oxidized by lipooxygenase, cyclooxygenase, and cyto-
chrome P450-dependent oxygenases producing ROS in the
process. Lipid peroxidation progresses through 3 stages: initi-
ation, propagation, and termination [21]. The free radical
chain oxidation mechanism initiates with a lipid radical
formation (abstraction of hydrogen atom from the CH,
group) leading to the propagation step where it reacts with
oxygen generating lipid-peroxyl radicals that transform it into
lipid hydroperoxides and finally, the reaction terminates once
nonradical products are formed releasing oxygen [22]. It is
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triglycerides and cholesterol esters with an outer layer com-
posed of phospholipids, free cholesterol, and apolipoprotein
B (ApoB) that carry hydrophobic cholesterol through the
blood [15]. Increase in the plasma LDL levels is generally asso-
ciated with atherosclerosis [23]. Under oxidative stress, the
oxidation of LDL occurs by the process of lipid peroxidation
primarily involving the phospholipid molecules. In pathologi-
cal conditions, ApoB-containing lipoproteins in the plasma
penetrate through the damaged endothelium into vascular
subendothelial intima getting oxidized by ROS [24, 25]. Under
these conditions, the LDL is modified into Ox-LDL [26]. LDL
retention in subendothelium confers monocyte recruitment to
tunica intima, where they differentiate into macrophages. Ox-
LDL serves as strong ligands for macrophage scavenger recep-
tors (CD36, SR-AI/II, and SR-BI) that facilitate their entry
into macrophages [27]. It is suggested that the oxidation of
specific epitopes (OSEs) occur on Ox-LDL that are recog-
nized by the cellular and humoral innate immune system
and thus enhancing the internalization of Ox-LDL into mac-
rophages [28]. Macrophages engulf Ox-LDL through its
scavenger receptors and the accumulation of Ox-LDL into
macrophages gives it a morphologic appearance of soap bub-
bles termed as foam cells which later result in atherosclerotic
lesions leading to atherosclerotic plaque build-up, limiting
the blood flow to the heart muscle (see Figure 1 for schematic
diagram) [29, 30]. Very recently, a study was published
providing insights into myeloid tribbles 1 that induces early
atherosclerosis via extensive foam cell formation [31]. A
native LDL cannot exert atherogenic mechanisms in vitro
which implicate that to be pathogenic it must have been
modified, explaining oxidative damage as a pro [32].

On the brighter side, high-density lipoproteins (HDLs),
endogenous apolipoprotein E (ApoE), and ApoA-I proteins
promote efflux of surplus cholesterol from the macrophage
via specific transporters of the ATP binding cassette (ABC)
gene family [33]. This efflux is the primary line of defence
to protect against the progression of macrophage to foam
cells. Further, antioxidants scavenge ROS combating athero-
sclerosis in the initiation period [34]. Efforts have been made
to comprehend the mechanism of lipid peroxidation in
developing effective therapeutic drugs and prevent its delete-
rious effects. Herein, we have discussed the role of distinct
factors critical in the progression of atherosclerosis.

2. Oxidized Low-Density Lipoprotein as the
Major Risk Factor in Atherosclerosis

Low-density lipoprotein is a chief carrier of cholesterol to the
cells. High dietary fat adds to its abundance causing patho-
logical complications above a threshold level [35]. It belongs
to a heterogeneous group of particles having a mass of about
3000 kDa with a diameter of 220 nm [36]. The hydrophobic
core of LDL is made of around 170 triglycerides, 1500 choles-
terol esters, a hydrophilic coat composed of 700 molecules of
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FIGURE 1: Schematic network of atherosclerosis process. The LDL in the blood stream passes through the damaged endothelium (caused by
hypertension, high cholesterol, smoking, and hyperglycemia) gaining entry into tunica intima. Damaged endothelial cells being compromised
express adhesion molecules that capture the monocytes. Monocytes enter into the intima producing free radicals which oxidizes the LDL.
Oxidized LDL attracts more white blood cells (monocytes) and more immune cells to the site, macrophages engulf Ox-LDL particles
becoming over laden and turning into foam cells. Foam cells die releasing its content outside that again is engulfed by other macrophages
eventually building a large lesion area. Progression into this, lesion turns into plaque gradually accumulating calcium slats, smooth muscle
cells (from tunica media), collagen, and the foam cells. The plaque is stable under the endothelium until the endothelium just above gets
compromised. The damaged endothelium could no longer produce inhibitors for blood clotting making it more vulnerable to enter into
the vessel lumen. The clot attached to the vessel wall would make a thrombus that may break causing stroke or myocardial infarction.

phospholipids, about 500 molecules of unesterified choles-
terol, and a single large copy of the ApoB of 500kDa [37].
Structure of LDL and Ox-LDL is shown in Figure 2.

During oxidative stress, the LDL is modified to Ox-LDL
[38]. In addition to this, lipoxygenase and phopholipase A2
enzymes alter LDL in a manner of getting easily recognized
and engulfed by macrophages [39]. Speaking specifically in
terms of atherosclerosis, ROS induces lipid oxidation, insti-
gating the disease. LDL oxidation brings about certain mod-
ifications to the LDL structure giving it a higher density,
hydrolysing phosphatidylcholine, amending lysine residues
of ApoB, and degrading ApoB [37]. Polyunsaturated fatty
acids (PUFAs) in the LDL are more prone to oxidation as
compared to monounsaturated fatty acids (MUFAs) [40].
PUFAs encountering oxidation (enzymatic and nonenzy-
matic) convert into hydroperoxides further breaking down
to generate more reactive aldehyde products and metabolites
such as malondialdehyde and 4-hydroxynoneal which build
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adduct with Schiff-base lysine residue of ApoB, phosphati-
dylserine, and phosphatidylethanolamine [41]. ApoB in this
context determines the generation and propagation of LDL
oxidation. Additionally, the elevated temperature used while
preparing meals increases the oxidation of cholesterol [42].
Nonetheless, oxysterols coming from the dietary sources into
the bloodstream may implicate a fundamental role in the
progression of this disease. Thereby, one cannot conclude
the root embarking such progression and advanced studies
need to be done.

Discoveries by Virchow and Windaus in the nineteenth
century bring forth the crucial role of lipoproteins in athero-
sclerosis. Windaus discovered high cholesterol in human
artery which thereafter confirmed by Nikolaj Anitschkow
who produced atherosclerosis in cholesterol fed rabbits impli-
cating dietary cholesterol as an important factor [43, 44]. Carl
Muller revealed a compelling connection between heart
attacks and plasma cholesterol giving the cholesterol research
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the apolipoprotein B (ApoB) of 500 kDa. Gaining entrance into the endothelium, LDL gets oxidatively modified by ROS.

a new turn introducing the hypercholesterolemia [45].
Widespread theories put forward LDL penetrating the dys-
functional endothelium and retaining in the subendothelium
lining as the hallmark of atherosclerosis [46]. The higher the
LDL the faster the plaque evolves. Surprisingly, native LDL
is not atherogenic and needs to be oxidatively modified,
particularly ApoB, to instigate the disease while it stays in
the subendothelium bound to glycosaminoglycans [47, 48].
Macrophages with their surface receptors recognize the mod-
ified LDL and engulf them to become lipid laden foam cells
which secrete cytokines making the site more vulnerable to
inflammation and instigating smooth muscle cell (SMC) pro-
liferation [49-51]. Today, many publications could be found
on Ox-LDL to provide evidence for its role in atherosclerosis
which makes it a relevant candidate and somewhat apparent
therapeutic target. Though very few studies could robustly
prove the definitive decrease of LDL with dietary antioxidant
supplements, it is believed that a combination of antioxidants,
therapeutics, and lipid management could work wonder
(discussed later in this review).

2.1. Stages of Ox-LDL-Induced Atherosclerosis Mechanism:
Initiation to Thrombosis. Atherosclerosis originates with the
subendothelial retention of ApoB 100, containing lipopro-
teins. LDL penetration through dysfunctional endothelium
brings many factors into the picture (summarized from the
initiation to calcification in this review). Broadly, the process
can be classified into three stages: initiation, progression, and
thrombosis. A human artery is composed of three layers: the
tunica intima, the tunica media, and the tunica adventitia, as
shown in Figure 3. Intima is lined with a single layer of endo-
thelial cells called the endothelium and subendothelial
extracellular matrix (consisted of collagen and elastin).
Endothelium aids in regulating vascular tone, coagulation,
and maintaining vascular homeostasis via highly regulated
mechanisms with the function of nitric oxide, prostacyclin,
and endothelin-1 [52, 53]. Numerous smooth muscle cells
(SMCs) are found in tunica media which are organised con-
centrically within an elastin-rich cellular matrix to store the
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FIGURE 3: Artery is made of three layers: tunica intima, media, and
adventitia.

required kinetic energy for transmission of pulsatile flow
[54]. The adventitia contains mast cells, fibroblasts, and a
matrix containing proteoglycans and collagen. Internal and
external elastic lamina separates the intima, media, and
adventitia, respectively [55]. Nevertheless, the artery gets
compromised with the interplay of Ox-LDL and other risk
factors making hard and narrowing the lumen for a disturbed
blood flow. An atherosclerotic artery with plaque is shown in
Figure 4 and a cross section of early and late atherosclerotic
lesion is shown in Figure 5 [56].

Ox-LDL instigates atherosclerotic events throughout the
disease progression, starting from endothelium dysfunction,
white blood cell activation, foam cell formation, SMC migra-
tion and proliferation to platelet adhesion and aggregation
(refer Figure 6).

2.2. Physiology of Endothelial Dysfunction: Initiation Stage. In
normal body parameters, a healthy endothelium remains the
primary regulator of vascular homeostasis [57-59]. It assists
in keeping a balance between vasodilation and vasoconstric-
tion, thrombogenesis and fibrinolysis, and inhibition and
stimulation of SMC proliferation [60]. Nonetheless, it acts as
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FIGURE 4: Atherosclerotic artery. Atherosclerotic artery has a plaque
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smooth blood flow.

a barrier between the circulating blood (in lumen) and the
artery lining (endothelium) [61]. An intact endothelium
experiencing laminar shear stress elicits signalling pathways
to maintain glycocalyx layer, proliferation, and endothelial cell
coaxial alignment [10, 62]. Nitric oxide synthase (NOS) is
expressed via MEKS5 signalling which promotes the nitric
oxide (NO) production and further helping in the endothe-
lium survival. The antiatherogenic role of NO is supported
by numerous studies on knockout mice for ApoE and other
animal models of atherosclerosis [63]. In these models,
inhibition of endothelial NO production accelerates the
formation of lesions in the aorta and the coronary arteries,
and treatment with l-arginine preserves vessel morphology.
Superoxide dismutase (SOD), catalase, glutathione peroxidase
(GPx), and peroxiredoxins (Prxs) are expressed to counter cel-
lular ROS [64]. Arteries experiencing disturbed blood flow and
low shear stress at the curves and branches are susceptible to
atherosclerotic lesions [5]. These regions contain a sensitive
glycocalyx layer with an irregular alignment. Consequently,
the low production of NOS and antioxidant enzymes compro-
mise endothelium integrity. In exposure to certain predispos-
ing risk factors such as hypertension, hyperglycemia, diabetes,
ageing, hypercholesterolemia, and the mechanical stimuli
owing to low shear stress, endothelium undergoes certain
modifications which are characteristics for atherosclerotic
initiation process [9, 65]. Morphological modification of
endothelial cells and increased permeability to LDL particles
thus allows penetration (transcytosis) and accumulation of
ApoB, chylomicrons, and remnants of very-low-density lipo-
proteins (VLDLs) in the subendothelial space where they
experience oxidative modifications by cytokines (monocyte
chemotactic protein-1 (MCP-1)) [48]. The antithrombotic
factors are compromised along with elevated vasoconstrictor
and prothrombotic products via cell surface adhesion mole-
cules such as intercellular adhesion molecule 1 (ICAM-1)
and vascular cell adhesion molecule 1 (VCAM-1), hence ele-
vating risk for inflammatory actions owing to Ox-LDL [66,
67]. These changes increase the adhesion of monocytes and
penetration through the vascular wall which is modulated
by cytokines and is augmented by interferon gamma and
tumour necrosis factor-alpha [68, 69]. Studies report Ox-
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LDL as a key into the above-mentioned mechanism. In fact,
Ox-LDL is chief in activating endothelium to secrete MCPs
recruiting monocytes and T cells into endothelium.

NO plays a crucial part in protecting endothelium with
its vasodilator property. It is also seen to reduce monocyte
adhesion to the endothelium. Ox-LDL-induced reduction
in the NO derived from the endothelium NOS is suggested
as one of the causes of endothelial phenotypic changes [70].
Most of its activity is proposed to lectin-like oxidized LDL
receptor 1 (LOX 1). LOX 1 is an Ox-LDL receptor found
on endothelial cells and is likely to be overexpressed in ath-
erosclerotic conditions.

There have been debates among chronology of events
that lead to plaque formation. Since few scientists consider
subendothelial retention of ApoB lipoproteins as the initiat-
ing factor in atherosclerosis, contradictory to which some
authors suggest that everything starts with endothelial
dysfunction [53]. High LDL level also marks its strong part
in the argument. A plethora of research suggests that all these
phenomena are more or less equally indispensable factors in
the progression of atherosclerosis [71].

2.3. LDL Retention in the Subendothelium Elicits an Immune
Response: Progression Stage. The entry of LDL particles in the
subendothelium (tunica intima) followed by their retention
through ApoB 100 binding to proteoglycans of the extracel-
lular matrix is a key initiating factor in early atherogenesis.
Oxidative modifications of LDL induce expression of cell
adhesion molecules on the endothelial cells recruiting mainly
monocytes and T lymphocytes into the inflamed arterial wall.
Differentiation of monocytes into macrophage expresses
scavenger receptors (CD36, SR-AI/II, and SR-BI) and LOX
1 (lectin-like Ox-LDL receptor 1) on the surface to recognize
Ox-LDL [58, 59]. Various studies have established that to be
recognized by a scavenger or oxidized receptors, the native
LDL must be converted to Ox-LDL as discussed in previous
section (due to its high affinity to scavenger receptors, SR)
[72]. As soon as macrophages engulf massive Ox-LDL parti-
cles, foam cells are generated and a number of proinflamma-
tory events take place: lipid retention, more oxidation of
native LDL, release of proinflammatory cytokines, ROS,
metalloproteases, and monocyte and Ox-LDL recruitment.
Cytokines released by T lymphocytes and foam cells promote
inflammation and ROS generation. Unsurprisingly, Ox-LDL
along with these cells releases growth factors promoting SMC
migration (via platelet drive growth factor and basic fibro-
blast growth factor) from tunica media into site region and
abnormal proliferation (via insulin-like growth factor 1 and
epidermal growth factor) that involves secretion of extracel-
lular matrix proteins [73]. It is also seen that Ox-LDL drives
SMC:s to produce collagen and elastin which forms a necrotic
core around the plaque increasing the lesion size at some
point. It is important to mention that a lot of these events
are more or less LOX 1 mediated [74]. Atherosclerotic plaque
is a large necrotic core of foam cells, SMCs, collagen, calcium,
and a thin fibrous cap preventing plaque from the blood-
stream [75]. Hence, Ox-LDL plays a significant role in these
events and moreover it is believed to induce apoptosis or at
some point necrosis, favouring cellular debris deposits in
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FiGURE 5: Early and late atherosclerotic lesions. The figure is reproduced from Glass and Witztum [56] (under the Creative Commons
Attribution License/public domain) “(Reprinted (Atherosclerosis: The Road Ahead) with permission from Elsevier (License number
4825741069515)).”(a) Cross section of a fatty streak lesion from the aorta of a cholesterol-fed rabbit immune stained for a macrophage-

specific marker (micrograph courtesy of Wulf Palinski). (b) Cross section through a human coronary artery at the level of a thrombotic
atherosclerotic lesion causing fatal myocardial infarction.
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FIGURE 6: Schematic illustration of the role of Ox-LDL in atherosclerosis progression. Ox-LDL elicits atherosclerotic events right from their
production in the subendothelium. Due to downregulated LDL receptors, the native LDL cannot be internalized by macrophages. Ox-LDL,
via LOX 1 and other factors, activates endothelium for a number of events: adherence of LDL, monocytes, and platelets; secretion of
chemokines and growth factors; production of ROS; impairing NO secretion; and so on. SRs, CD36, and LOX 1 help in the uptake of OX-
LDL by monocyte-derived macrophages in the subendothelium. Growth factors mediate SMC proliferation and extracellular matrix
formation. Platelet adherence and accumulation is also, in part elicited by Ox-LDL which results into a rupture prone thrombus.
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the lesion area. Moreover, the ROS present in the plaque
tends to induce cell death making the plaque unstable and
rupture, which is the worst part of the progression.

2.4. Rupturing of Plaque: Thrombosis. A vulnerable plaque is
subject to rupture. ROS degrades the fibrous wall of plaque
via the release of matrix metalloproteinases (MMPs) [76]
causing thrombus formation. Recent studies suggest a major
difference in the lipid profiles of stable and unstable plaque
considering former to be more susceptible to oxidation
(due to increased PUFAs) and enhanced oxidation in the
latter due to increased 18 : 0 containing lysophosphatidylcho-
line [77]. Rupturing of this plaque causes sudden expansion
of the lesions leading to thrombus formation accounting for
myocardial infarction, stroke, or sudden death [63, 64].
Looking more into the mechanism; Ox-LDL induces CD36
and P-selectin expression in the platelets activating them to
further express LOX 1 for their adhesion on endothelium.
Chemokines released from activated platelets mediate endo-
thelium dysfunction, foam cell formation, and ROS produc-
tion favouring progression of the plaque. Ox-LDL again
makes the plaque scenario complex by platelet activation
and adhesion on the endothelium which in turn blocks the
NO production, which is said to be dysfunctional, yet again
the cycle goes on [78].

3. Therapeutics to Block or Retard the Process:
Endothelium Dysfunction to Thrombosis

The level and persistence of disease is the deciding factor for
its treatment measures [79]. Some patients only require a life-
style amendment and some have to undergo surgical proce-
dures. HDL, antioxidant enzymes, diet, statins, and lipid
lowering are foreseen as potent factors in preventing athero-
sclerosis. An illustration of effects of such parameters on
CVDs is shown in Figure 7 [35]. Pharmacological interven-
tions like angiotensin converting enzyme (ACE) inhibitors,
statin insulin sensitizers and L-arginine, folates, and tetrahy-
drobiopterin are suggested to improve damaged endothelium
which would resist LDL entry into subendothelium.

3.1. Lipid Management Is the Primary Prevention. As
reviewed by Michos et al. [80] very recently, lipid manage-
ment remains the primary prevention to atherosclerosis. If
we look back into this review and perhaps in literature, the
story always begins with high LDL cholesterol (LDL-C)
which makes it the hallmark and a potent treatment target.
Additionally, the CVD prevention guidelines published by
the American College of Cardiology-America Heart Associa-
tion recommends cholesterol management as a primary pre-
vention by opting a healthy lifestyle [81]. Keeping in view the
sedentary lifestyle and family history of CVDs as important
risk factors, improvement in lifestyle and diet has been seen
to reduce CVDs by about 50%. A healthy lifestyle here
involves maintaining an ideal weight, keeping check on the
blood sugar levels, regular exercise, and looking after calories
intake. The notion “lower is better” goes exactly with the diet
intake for a healthy lifestyle. Though merely management of
lipids cannot completely prevent the disease, it does lower the
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risk to an extent. According to US Cholesterol Clinical prac-
tice guidelines (2018), statins should be the primary choice of
pharmacological treatments for LDL-C considering the latter
being critical in the therapeutics [82]. Statins tend to reduce
about 50% LDL cholesterol via inhibiting 3-hydroxy-3-meth-
ylglutaryl-CoA reductase (HMG CoA), a rate limiting
inhibitor of LDL-C. In atherosclerosis, there is an aberrant
increase in the expression of MHC-II and thus, it is also con-
sidered as a chronic inflammatory disease. A study suggested
that statins could function as immune suppressors by repres-
sing the MHC-II expression and thereby, reducing the MHC-
II-dependent T-lymphocyte activation and thus, statins
could modulate the adaptive immunity [83]. Statins are seen
to block the cholesterol synthesis by the activation of SREBP-
2, a mechanism illustrated by Goldstein and Brown given in
Figure 8 [35]. Compelling results from meta-analysis trials
have revealed a lowering of about 22% risk of cardiovascular
events with the reduction of a significant amount of LDL
level [84]. Additionally, cardiac events like myocardial
infarction and stroke can be prevented by lipid lowering with
the use of high-intensity statins [85, 86].

3.2. HDL Retards the Atherosclerotic Process. HDL along with
its major lipid poor apolipoprotein A-I (ApoA-I) aids in
removing cholesterol from foam cells for clearance by the
liver. The efflux from macrophage foam cells is the first step
towards reverse cholesterol transport that lowers further
inflammation preventing atherosclerosis burden [73, 74]. A
line of epidemiological trails has revealed that HDL accounts
for douching lipid oxidation via antioxidant enzymes like Lp-
PLA2, LCAT, and PONI1 along with ApoA-I which helps in
removing hydroperoxides from cells and LDL [87]. HDL sig-
nalling via endothelial cell receptors like SR-BI helps in
enhancing NO production, thus maintaining endothelium
homeostasis [88]. Additionally, it prompts cholesterol efflux
from platelets preventing platelet aggregation and eventually
thrombosis [89]. Accumulation and retention of Ox-LDL is
the key initiating factor in chemotaxis and monocytes inva-
sion. This LDL modification primarily by endothelium,
SMCs, and macrophages in the lesion area would suggest that
cells actively modify LDL. LDL is either oxidized nonenzy-
matically by transition metal ions, hemin, and many other
catalysts or by enzymes within the artery wall. HDL obviates
the oxidative modification of LDL employing proteins circu-
lating on HDL itself. The most important protein is paraox-
onase 1 (PON1) that confers an ability to prevent LDL
oxidation by enhancing the antioxidative function of HDL
[87]. Additionally, ApoA-I aids in reducing lipid hydroper-
oxides to lipid hydroxides owing to oxidation in its methio-
nine residues [90]. LCAT and lipoprotein-associated
phospholipase A2 (Lp-PLA2) have also been reported to
douche oxidative mechanisms as suggested in mice experi-
ments [91]. Nevertheless, HDL could absorb oxidizing lipids
to prevent the further process of LDL oxidative modification.
Figure 9 gives illustrations of key events where HDL comes in
to play. Hence, antioxidative capacity conferred by HDL pro-
teins ensures protective measures to retard the atheroscle-
rotic lesion and more extensive research is required to
better understand it to use it as a therapeutic target.
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FIGURE 7: Diagram illustrating the effects of diet, drugs, and genes on plasma LDL and coronary disease. The figure is reproduced from
Goldstein and Brown [35] (under the Creative Commons Attribution License/public domain) “(Reprinted (A Century of Cholesterol and
Coronaries: From Plaques to Genes to Statins) with permission from Elsevier (License number 4825791117921)).” (a) Diet. Idealized
depiction of the frequency distribution of plasma cholesterol levels in the human species as extrapolated from surveys of middle-aged
people in major populations of the world. The higher the cholesterol level, higher the risk for coronary disease, as denoted by graded red
shading. (b) Drugs. Frequency of coronary events plotted against plasma level of LDL cholesterol in four double-blind, placebo-controlled
trials in which middle-aged people at risk for heart attacks were treated for 5 years with a statin or placebo. The number of subjects in
each study was as follows: 4S Study, 4,444; LIPID, 9,014; CARE, 4,159; and HPS, 20,536. (c) Genes. Difference in risk for coronary disease
in middle-aged people depending on whether plasma LDL cholesterol level is reduced over a lifetime (heterozygous loss of function of

PCSKO9) or for only 5 years (statin therapy).

3.3. Role of Dietary Antioxidants in Treating Atherosclerosis.
Antioxidants scavenge free radicals (reactive oxygen/nitrogen
species) and reduce the probability of oxidative stress [92].
Antioxidants can be synthesized by a cell itself or can be taken
exogenously. Antioxidants synthesized by a cell include gluta-
thione, uric acid, caeruloplasmin, ferritin, transferrin, or
lactoferrin, whereas vitamin E, vitamin C, flavonoids, and
carotenoids come from the diet [93-95]. The endogenous
nonenzymatic antioxidants like GSH, uric acid, bilirubin,
coenzyme Q, and lipoic acid can be present intracellularly or
extracellularly and serve as the primary defence system
against imbalanced redox stress [96, 97]. Glutathione, a cofac-
tor for glutathione peroxidase (GPx) scavenges hydroxide,
hypochlorous acid, and peroxinitrite, thus modulates size of
the atherosclerotic lesion [98]. Coenzyme Q improves endo-
thelial function by scavenging peroxyl radicals [99]. Bilirubin,
uric acid, and lipoic acid have shown remarkable scavenging
properties towards oxidants, hence improving endothelium
and decreasing inflammatory actions [100-102].

The secondary defence mechanism involves exogeneous
antioxidants like vitamin C, vitamin E, vitamin A, vitamin
B, carotenoids, or polyphenols [100, 103-105]. As mentioned
above, the native LDL, when turned into Ox-LDL becomes
atherogenic and this oxidative modification in LDL is due
to imbalanced ROS. Vitamin E, a lipid soluble antioxidant,
aids in neutralizing free radicals hence retarding LDL oxida-
tion. Moreover, vitamin E inhibits the expression of CD36,
SR-BI, and protein kinase C to reverse foam cell formation
and SMC proliferation along with further associated compli-
cations of the CVD [106, 107]. It is also observed that vitamin
E modulates the expression of connective tissue growth
factors and adhesion molecules (VCAM 1, ICAM 1) on
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endothelial cells and helps in the prevention endothelium
dysfunction and internalization of LDL molecules into the
intima. In contrast, some clinical trials have given completely
opposite outcomes where studies showed almost no effect of
vitamin E doses (50 mg-300 mg/day) in the CVD patients
[103, 106]. No decrease of stroke and myocardial infarction
was observed in population with CVDs. While the outcomes
of the trails remain contradictory, more studies are antici-
pated to build a strong conclusion. Vitamin C (ascorbate)
helps to stabilize cell membranes by scavenging peroxyl
radicals, ROS, and superoxide radicals. It enhances NO bio-
availability, thus improving endothelium and vasodilation.
In vitro experiments have shown lowered Ox-LDL genera-
tion on treating with ascorbate (vitamin C), while depletion
of the same is related to atherosclerosis in vivo [100]. Ascor-
bate has also been seen to reduce endothelium dysfunction
which again is a key initiation factor of the CVD [94]. But
several other clinical trials have shown contradictory results
where no significant relationship between vitamin C and
the reversal of atherosclerosis was found. A study group of
29,133 men (50-69yrs) was given synthetic a-tocopherol
(50mg/day) and S-carotene (20 mg/day) for ~6 years, and
no effect was seen in improving heart condition. In fact, the
risk of lung carcinoma and ischemic heart disease was
increased [108]. Similar study on people without any CVD
was carried out for 4 years in which incidences of angina
pectoris slightly increased as an adverse effect of the supple-
mentation [109]. In another study on group of smokers and
nonsmokers (45-74yrs), even including the vitamin A in a
combination with above two had no effect. In an additional
study, f-carotene (50 mg/day) could not show any positive
effect on patients supplemented for 4-8 years (27-84yrs)
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FIGURE 8: Hepatic responses to diet and statins mediated by the SREBP pathway. The figure is reproduced from Goldstein and Brown [35]
[under the Creative Commons Attribution License/public domain] “(Reprinted (A Century of Cholesterol and Coronaries: From Plaques to
Genes to Statins) with permission from Elsevier (License number 4825791117921)).” (a) Low-cholesterol diet. Proteolytic cleavage of SREBP
is increased. The cleaved SREBP enters the nucleus to activate genes controlling cholesterol synthesis (including HMG CoA reductase) and
uptake (LDL receptor). nSREBP, nuclear portion of cleaved SREBP. (b) High-cholesterol diet. Proteolytic cleavage of SREBPs is decreased,
resulting in decreased nuclear SREBP and decreased activation of target genes. The decrease in LDL receptors produces an increase in
plasma LDL. (c) High-cholesterol diet plus statin therapy. Statins inhibit HMG CoA reductase, causing a transient decrease in ER
cholesterol. In response, SREBP cleavage is increased, and the resulting nuclear SREBP activates the genes for HMG CoA reductase and LDL
receptor. The increased HMG CoA reductase is inhibited by the statin, and the increased LDL receptors lower plasma LDL.

[110]. Combination of vitamin E (30 mg/day), vitamin C
(120 mg/day), B-carotene (6 mg/day), selenium (100 pug/day),
and zinc (20 mg/day) was given to 13,017 middle-aged people
for 7.5 years, and it was found that combined supplementa-
tion had very slight effect on men in improving cardiovascular
health and no effect at all was seen on women participants
[111]. Although dietary supplements have some role in pre-
venting atherosclerosis in mice and human trails [112], yet a
very little is known to conclude exactly how much, when,
and what should be included in the diet to have the best effect.

3.4. Antioxidant Enzymes Are Critical in Atherosclerosis
Prevention. In addition to the above-mentioned antioxidants,
the cells also express antioxidant enzymes like catalase,
superoxide dismutase (SOD), thioredoxin reductase (TrxR),
peroxiredoxins (Prxs), glutathione peroxidase (GPx), gluta-
thione reductase, and glutathione-S-transferase which main-
tain redox homeostasis [113-115]. The most crucial enzymes
in such mechanisms include peroxiredoxins (Prxs) and glu-
tathione peroxidase 4 (Gpx4). Peroxiredoxins (Prxs; 1-6)
are proteins that have cysteine residues that reduce perox-
ides, in turn, getting oxidized into sulfenic acid [116, 117].
Prxl and Prx2 exacerbate atherosclerosis on deletion in
ApoE mice [118]. While Prx4 inhibits the disease from being
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overexpressed in ApoE mice, Prx6 has no such effect [119].
Glutathione peroxidases convert glutathione to glutathione
disulfide and reduce lipid peroxides to water [120]. The most
crucial role is played by Gpx4. Loss of GPx4 activity in the
cellular membranes leads to ferroptosis, which is a regulated
nonapoptotic cell death process and it is enhanced by the
accumulation of ROS in a lipid-rich environment [121]. As
mentioned above, PUFAs with labile bis-allylic hydrogen
atoms are prone to lipid peroxidation and it is also the hall-
mark of ferroptosis [122]. According to Yang et al., there
are two key drivers in ferroptosis induced by PUFA peroxida-
tion: lipoxygenase and phosphorylase kinase G2 (PHKG2).
The study suggested that PUFA peroxidation is caused by
lipoxygenases via PHKG2 and consequently the inhibition
of catalytic selenocysteine in GPx4 causes the accumulation
of the hydroperoxides leading to cell death [123]. Ferroptosis
is linked to several diseases like cancer and atherosclerosis
and needs clear mechanistic insights for therapeutic inter-
ventions [124, 125].

4. Outlook

Endothelium under oxidative stress primes to the formation
of oxidized cholesterol (oxysterols) as a result of low-
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FIGURE 9: Schematic representation of HDL countering major atherosclerotic stages. HDL counters significant stages of atherosclerosis. First,
HDL retards the oxidation process of LDL and helps in the efflux of cholesterol form macrophages, preventing it from becoming foam cells.
Cytokines and growth factors released by T lymphocytes and foam cells induce SMC migration and proliferation that is again countered by
HDL. Additionally, platelet migration and aggregation is prevented to the site of plaque. Hence, high HDL is antiatherosclerotic and comes

into play as soon as the LDL penetrates the dysfunctional endothelium.

density lipoprotein (cholesterol carrier through the blood)
oxidation. The oxidation is driven by oxygen, nitrogen, or
other reactive species which brings up the oxidative or nitro-
sative stress in uncontrolled measures. Certain irritants like
toxins from smoking (nicotine and carbon monoxide), high
blood pressure due to hypertension, high level of low-
density lipoproteins, HDL dysfunction, obesity, and diabetes
mellitus alter the endothelium lining causing permeation and
accumulation of LDL particles into the subendothelial space.
Retention of LDL particles brings about a lot of factors into
play which upsurges the risk for fatty streak development
and further complication into atherosclerosis progression.
What come to the rescue are monocytes but turns out to be
exaggerating the process. Hence, the immune system more
likely induces inflammation making things more compli-
cated. Antioxidant enzymes and genes, however, are potent
measures to counter ROS to prevent lipid peroxidation. Since
dietary antioxidants and statins have also shown effective
activity in vivo, these can be effectively prescribed for treat-
ment and cholesterol lowering. Additionally, maintaining a
healthy lifestyle is a key to homeostasis and a healthy cardio-
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vascular system. Although, an enormous amount of research
has been conducted on the above events, yet a clear under-
standing of therapeutic measures is required.
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