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[ABSTRACT] Atherosclerosis and its complications are one of the diseases with the highest incidence and mortality in
the world, and its early diagnosis and treatment are very important. At present, a variety of physiological and biochemical
indicators have been used to diagnose atherosclerosis.  However, the accuracy and ease of use of existing diagnostic indi-
cators still cannot meet the clinical needs, and new, reliable and easy to measure biomarkers for early diagnosis and judg-
ment of atherosclerosis and the risk of serious cardiovascular and cerebrovascular events caused by atherosclerosis are still
very scarce. This article summarized the latest research progress of biomarkers related to atherosclerosis, such as hematol-
ogy, genetics and omics, in order to provide basis for early diagnosis and treatment of atherosclerosis and related cardiovas-
cular and cerebrovascular diseases induced by atherosclerosis.
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K AIRESS RIS AL sk AE 5t | IR I B LA B 36
TPt I S5 AR R e A, X R 7 R B 5 e KR
SAPESIIK , B 40 3 Bl Bk K a3 57, DL R AR RN
WUALSI K, AnsebtR sl bk | i 3 Ik | B 2l BRI RO 50 ik
MR o WU Bl ok ) 48 Je A8 7 2 P 3, ]
BHA S A B AR P2, SR B0 ok A A
A5 [ 1O LA ZE T e 106 20 Jk ok 4 868 Ak 5 136 1) il
B S 3 0 ™, S AT 8 8 e 1o i 1L A5 5
Z—
B RS AETE ) ek s, FRIE As S
mAE R, As MBURHE 0 & 4,
BAMAT AR, EE R N EA SR . &
FEANAC B W 30 A 0 Do | JIE TR | By 460 495 A as 1%
KRS, BARRMP TR R PE i —.
As W HZ W 5 s £ 206 A R A TH AL Z 4
iR (computed tomography , CT) A2 #E IR A1 1L 1 27
ik S U TR UREER /K AN /K Vi e s 7 S < )
T ERARM S HR N As T2 Wi A= Y ks
W R SR AE T AL, WESEERP, — SR E AR
YIbsEWIHE As B2 W7 RO 104552 9 JRURS: 1Ak T
BB RS, AR EW (K1),
ARICEERT As FHRA DR EW Y F R AL
5 M7 8% 7 F0 AW B B A WA 35, A B
As FJIZIW ARSI B ARTE

1 RIEEWIRED

RIESE As WRBEARFHEZ —, RAETE As YK
A R JER R R AR AR (1) I N KA
JLSZ A5, A IR B 45 40 Jo A 58 0 X T AR ) I
S AN 23 BT S AR BT 5 (2) B A A A
il AL 2 A2 R 5 (3) S AR I [ o 45 ) o
Rl B A L2 b Ay 5 5 40 L 3k 4 I 24 oL i 5
B WEIT I A IE [ B 53 e 28 IR A L 5 (4) ¥
TRAHAL 53 W A PR AL PR 3% 1 445 A o5 (5) LR
20 A3 2o 9 T A AL R TR 180 B R Y i B A O
(6) Bl JikBE - T JUL 20 10 384 5 2 ol B B #6552 £ 2
W 5 (7 ) 6L DA 200 308 5 A Wk V' FE ANl 9 B i, 3k
3 o AR 0T 4 J& B 1 8% ( matrix metalloproteinase,
MMP ) P fige 28 i 1356 J57 v 1) K 43, U855 B e 4F 4
W O RSE T 5 (8) Bl £ 4R MR AR SE T i U855 , e &
AT UM T N Y I KSR B A% O TP Y
A Lo H i, T 5 1 2% il A i
1Ll B#CREER

C W H ( C-reactive protein, CRP) J&FFIE &

TR — i R BT, ML AA A J e B4 40 I 9 R
CRP /K28l L Fh, CRP W36 #MA R 40, s
Wk 240 B P A VR T T B AR BILAAS 15 D R 24 0
Hids IBE TR AN, TE As A B R
CRP oy ML A5 BER - 89 0 R 40 7 1 4R A 3K 6 (-
terleukin-6, IL-6) AT 4300 , - 380 2 453 49 1ML %57 P9
B AEHLHIA S AR TR B o SR, CRP 53 W i 5
%, 5 2R i REBUZ I 0 5 iR A T RE W A i

i3 C [ 8 A (high sensitivity C-reactive pro-
tein, hs-CRP) 52 H B i2 Wi ol AR AE AR As I Ay il 5
MEY bR Y Z —. hs-CRP 55 As M3 R WI1E
AT 224 Wy A T B A B DA B AT At
TTH T IR0 bl 3R A58 & R, 7E I3
5 & H AR & B (low density lipoprotein cholesterol ,
LDLC) 7K3F-<1 300 mg/L H. hs-CRP /K°F>2 mg/L
AR R, B Al 7T n] R B U0 ILEESE | 2R rh ek
OIMAEFET- R A AR AR, B, a6 i
F hs-CRP RAFBHIZ I As™ . AR¥E MK hs-CRP /K
S, SR F i 55 B o | 5 O JIE 2 0
LA P9 8 A8 KU 73 0 IR (<1 mg/L) (P (T ~
3 mg/L) i (>3 mg/L) =ANEK™Y . hs-CRP 3%
LG8 KRS PR 2R 52 ) HLH K P 500 148 = 8 1 & 2R
RAFET R ETERI KD, hs-CRP 8% 5 H A XU
PRUZR — 38 T 00 I A5 0 8 KRG PP A, AR AR
i BB B ARG T , fH hs-CRP SR 1TAH
O ML XL 368 5 ROCR A, AR, e 18 MR B0
T, hs-CRP JUPZ— Al i A B AU (9 25 dis
Bio ABTTS 25 9078 B ARG it A A [ B 348 W] ARG 1,
W hs-CRP 7K, ol A AP RAE A BT As
B LR A AR £ . I Ah M SE hs-CRP K-Fl
AT LATE—E AR IR T T2 A T RICR
1.2 #HREEF

200 PR 2 B 5 A (A W ) R s
o BEANM (AN N B A ) A2 HOS & L o3 IR — 28
BAT Z AR im e/ Ny rEA B, MR 1
CIBGEUEATw VAR Nl 0 R N o F A E
PENEAE , A M D EL4E 4R A & (interleukin,
IL) JRi ¥R 3E A F ( tumor necrosis factor, TNF) Flli#4
e 745

TL S E 1 40 L B8 A 92 200 R 1) AH A 6 40 i
P, RZHCIL & MM T bk C 40 M | 5% 4
ML B RN AN N B AR, IL R RAE AN K E
TS 58, 100 MU B AR S IAE T R 55
HEAEM, IL-6 F1IL-18 1 As PSR 2, TEik
IO S A R L ) 0 SR A IR N 2 K L TL-6
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KT, HH K5 41 J8 2 ko s s AR 2E
5T & B, IL-18 A LA S 0 As A KU, TL-17
WA AR R W As Hr BB AR, WEoE B
71, -1 BT DAYSE DO 45 S 1 2 X e P
N AL-1 775 E R RETT W Kk #4 T EEAE M, IL-1
PR AT 82> R BURGL AR Y B, 3 BR ] TR
RV MR AEER R IL 5 KRB IK St BT UAE
As B EA Dibr

TNF-a Al IL-1 {55 EEE I p38 2R 505 1k
5 H P4 B4 ( mitogen-activated protein kinase , MAPK )/
#% I F kB (nuclear factor-kB, NF-kB) i& 8 #17 1%
S, TR 2 240 J DXL R 288 B o3 e 3k | il 4 7
JULEE R A B 40 M ) R 78 S 14T, RE 2 5 As TR AR
IR ZHAmE ™

FAZANME AL F 1 (monocyte chemoattractant-1,
MCP-1) J2& 5% BAA% 48 i B A T T ) &t L PR 5, T
VIBSGHE N K 20 B 22 1T, 3 AT DLOTS A E e s A
T TERIE S R KRR EAE N, MCP-1 K52
PRI K LR A AE 83 0 S0 T XU AT 4 3 4R 1 &=
RABBEMAK, HHAEYREY) (10 hs-CRP
PRZERK B 45 ) B A H B, MCP-1 7 R Sk ek ik
CEAMERE LT XU O LB FE RO T 5 o 7 T
FEOH S R

TNF-o o2 —Fh 2 5 4 B QU JRAE SN Y 240 i A
T, 25 As RE RERWEANB B, FRAEN,
TNF-o 5 500 10 ™ H 2 B HAT & 25 19 ok S 19 AH
Kk, Jf H fig 0% w00 5 0 e 1Y R R S BB
B TNF-a b CRP BERS 5T As B9 & i
T2 BT CRP TNF-o AETHE A3t F000 46 0 0 1
BN I A AR T CRP 0 020 1l A5 9
393 118 30 F 175 150 T A
1.3 Pentraxin-3

LT CRP, Pentraxin-3 3 J& — i 2 Pk 58 4 1]
SRR AT, FEN AR RN R A
R , EAERAE B T h R R EAE N, 5 E%
4334 19 CRP ANJE], Pentraxin-3 FFEAERAE X
O BIANTE As BEHR BRI A9 10048 P9 R A0 MG 7T
JULZR A | 5 s 4 A R Mok 20 i Al SRR
AL L ™ ek Co s ARG E 1 B B B8 0 1l b
Pentraxin-3 7K i 35 T &7, R FR A BYO 800 /B
H HOKOF IR

2 |HREEXEMIREY

2.1 SHERZEREEAR
AL TR B NS B (oxidized low density lipo-

protein, ox-LDL) #{IA A2 As I EEEHRHN K Z —
FLWR 20 LA 5 ox-LDL Jim % 46 A 1L R 20 i, v 0K 4
HERROE BUAR 57 4% B0 M IR o B S As 1Y BR300 <R 4
P, ox-LDL A LAAE R As (48 F5 DA K iz e H 7™
FERIPRE . ox-LDL 97> T Z5 AR H ATRE , 2
MAAEFR Y Kupffer 20 M PHEERR . 7T LIAIH A
BN B vE YU EA T b, [
AW 1 I FAT R, AN R LDL,
FAVEHAE ™ B, ox-LDL KF 5 As KR
5T 25 R AEAEA — B, X AT RE 5 B F 0 000 2
VAR AR VRS S AT G, XY 5E D7 ¥E TSR %
fabrse T2 As 19— R RS AR bR S
2.2 MMP

MMP i R ik 40 L AP BE BT 9815 40 i &0 & o 26 1
() —Fil, 7€ As BEH T MMP A 4 i 2 4204k 4 i
( myeloperoxidase , MPO) J#(JiG , 5 ZBE L 1) 21 4k iiF A8
W IETIS | A 2T AE MR 2L, (o e A8 45 e 555, BREDR e
SSVERGIN BB T% , T 51 K ik i, 1L
H MMP-2 1 MMP-9 7K P ) i B A o 2 U3 B ke
eSS PR A rbRaE i ™, MMP-9 g A k2 .0
HAFPREICR I —AHRAE ™, MMP-3 Fl MMP-10
HKOPABRITCIGASEIR Y As HHSE2
2.3 MPO

MPO 2 FAZ A | 5 g 200 A v Mok, 200 M 7 52
RAERFIS 73 2 1) — Fh g, MPO 7= Az —Ffros S Ak
FIR IR , CEIR 7] 35 K% IR 25 H1 (low density
lipoprotein, LDL) % fk , %84k J5 1Y LDL A fig 5 H KK
SARGE G TR e 240 JfL R0 I 200 B ) 7 1 R
SR, T BN K T B R G AR IR 40P i,
— 2 R EUML A Ry A ) 2 S B B B v S AL IV L
KA, MPO 38 KR IE A BT RE 4 1 2 R R R
1 (high density lipoprotein, HDL) f&1fi & T E “ 2% H
A1 HDL, 175 5 P Kz 200 I 58 T F0 5 ez 2400 OC 1 41
ZURFHIE . MPO K2 TG AR 5ed 1R 20 ik
P LGN 7 e AR R W O LRSS W AN R
SR FIE T S0 W ek S XU R R AR,
F R 7 AR [ DL K MPO RS S | th A — 26
WFFE4s S A B P J& , 40 Brennan 2% % ¥, MPO 7~
AR EAL I N As BAGRIPERT, Ik, 75 %
T2 AT SR IR UE MPO 7 I PRS2 B BT EAE T
2.4 NADPH f1LEs

NADPH % 4k ( NADPH oxidase, Nox ) 42 Ifil 4
SR | FPA% 240 B RN v P A L b S Y 32k
iz —, P22phox J& H FZ ML AL, H 2 54
SRS K B 1 SC R k) IZ B 5E ., Nox2 7Y
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Xt Nox YPGB HE 2, BFFE R, AR 3h Bk p i
DR A5 g A A, LA Y Nox2 7Kt 4 e 5 24 4h
JEV B k0 BB AR Y Nox2 45 B, L Ifi 374 4 1t
R BE, ATTR25 ] LAREAR Nox2 7K,
XAt — L Bk T AT 225 A A T
ASRELRE Nox2 1520 As WAEWIFR &), 5 kAT
R RIS PRI

3 BEREXBEIIRE

KPR ER, GRS As IR R H0%],
JOEL 751 555 Al 458 1 114 20 K L 45 BE TR As K
BRI, M5 As % UTA G R I 32 24
F5 5 IH [E B (total cholesterol, TC) . H i = Fg ( tri-
glyceride, TG) .LDL HDL J§%& H (a) [ lipoprotein(a) ,
Lp(a) J4%.
3.1 TC

TC S48 ML 4 i I 25 1 BT 35 110 JIEL 1] 7 ) A
AT, IR e IR e R L2 SRS E TR &
b PRI E 3228 R e 2 5 RS I IH B, TC AR
g I WA AR HE 1 0 2270w R AR 25 45 45—l
PPAG As BYRUKE . Laloux %5 FYBFST 7R, i B 2k
TR RHBE 84 PR P 1 TC Al TG /K 2 3 T+ . Bang
SR, SRR R A SE AR As BAE ML, As
HAF A TC TG LDL & TG/HDL W3 T . it
Ab, Cui %5 RIFFEAR Y, KBk iR I b
TC KV As 51 e i 4 ik 2 v i US4 G (55
PEXUSE FE R 2. 86, PRI HE o 0. 75) , SR, X 44
IKF-5 1 st A i A5 A A 2 e ki A B 1 JXUIRS: I T
I, Yuan 557 S B, 550 TR AR T RIS B PE Ak
REAEAR EL , As PRINBESL 35 A Y TC \TC/HDL 7K
V- T
3.2 TG

TG EHUAR) LA T, EEAFE T IR 4
ZUh TEMEIEFR RS, TG 5 JH [ B — W] f Ak
T B IR AR %5 BE R 25 1 (very low density lipopro-
tein, VLDL) MIFLEEROR 07 531z, X485 8 1150931
ARFE R N IR A AN IR PE B TG i 2% B 4 B i AT
%5 o M TG K2 — A BRI H |, B4R
WA AN TR AR A 7 FE VAL & & b (B B2 B
AT LA AL T LDLC F00 Sy i ot A A58 A 1 1 9
J (atherosclerotic cardiovascular diseases, ASCVD) f)
R, TG K- T e 55 9 B 3 R e A 4 At 285
o1 T ARG GAE S5 15 % ASCVD Y KU [H 3

DI,

2019 4F3E [0 I 27 23/ 36 0 I P2 e 1l
IR — e ) 8 RS R R TG AKF (>
1750 mg/L, JE45 1, =3 W& ) A2 I 5 ol 4%
ASCVD AU A BE B — A KU i R B 38
RRRBRE £ WD TR | 3 AP A = 0 IR I Al 7T 26 259
Pyaf LARE IR H 4 TG KFR
3.3 Lp(a)

Lp(a) & —Fh 8 H g I &2 G IR B0k, B 2006 2
F A5 LDL UKL A 255 M . Lp (a) 5 21 W Bl
JE e TR U, S 20 2R 21 5 il A 5 ) (tissue plas-
minogen activator, t-PA ) FIUHAM £ 75 B R 35005 90 10 o
GrPEFE U, o w] DL 5 25 5 Wl S 0 R 1
(plasminogen activator inhibitor-1, PAI-1) AY 7% P, M
AV ) L A7 PR 25 R A 0 il AR TR BT
A, Lp(a) 5448 A W45 6 BY T8 I8 [ B i 2%
A AL, ALHE R E M BB DX 8, i 1 B0 [
B AE BE B X3 0 AR O I £ 4 AR v R
Lp (a) 0] DIAE by B4 40 M £k 500 F B g 40 j rh
IL-8 KK EG

4 HAHFE As EWIREY

4.1 5MiEk

HMIMAE SR F N AR 2R GE I 9K SR T v, L
FIRMER D FGERR AN, #5717 20k H HEA
MEAY K> F (4 miRNA IncRNA | circRNA 25 4 5
NS ) , 76 41 A F] 38 TR b R AR, Ok
Z IR SR A S 1 4R AR BLVEFIAE As 1)
R R th R R AR, AU A AT e A
JTAEE % RNA B35 5 N B2 D) fig e i | I 480 %
i BREIL AT BRNES AL IR 3 As Ak
SMIBIRE A As I RIZ W RNEY T IF o £ A, 23k
AR As ZWBE Y bR &Y FRRYT S, RS
BRI AE As B MW, P RD AP A miRNA (miR-
30e Fll miR-92a) K- E T8 W98 R, 7E As
FEE I, A0 WA IK S F1 A1 1A 44 SR U B IneRNA
HIF1A-AST KF 5 3% EFb, BB SIEAE™ ) 5
Hh iR R AN IR KT A S A b R R T
L B As BEHUMEA L
4.2 BREZX

e s N B Y iU A = Do K (i =
B I 4 16 £k Ry A €00 Bl 7 240 L, 4 v Bl 7 AR
R, TE Rl R A DG g R A RN IE JhE AR Y I VR
K S R R 5 IEIERAEIR As Boo i 45 KU
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SIERISE
4.3 XE£RBERQC

A EE 1 C(tenascin C, TNC) & —Fh 240 g #p 3L
RN, ARG R A SR E Rk, ERE
M E OKRAR, RAE R | 45 43 R i g T 1
BRI R AT 1 TNC 33k, TNC £ As BEHerh
SRANFEIR I BB AR AR BE PG A O B R R
I FE T TNC K5 56tk 3 s Ak 9743 K&
Gensini W43 5 35 A0 OC | 76 I R 52 e iZbn & vl
S B SR B ke 1 e E AR T
4.4 Klotho EH

Klotho 8 1 /& — Ff 5 A 28 5 2% % U)AH 5C 1 2R
I, 04 5 AR ) TR T, R R
ik, WF5E &P, Klotho 85 [ AT 38 & 4E 5 1M 5 N Fz2 19
AR MR ER™, Klotho 2 1 BLKE 1T
LA N B D RE S R AN I A 85 Ak | 50 i A 9% 1Y
RN B B B VARG, W LAVE R As IZ2WT 2R
YitrEz —"
4.5 EBIFBREEEH

g i iR 45 & % 11 (fatty acid-binding protein,
FABP) J2— M AR IR 2, G B P 500, A
PAT AR B A A R AE AR . BIFSE A B, I 07 400 i
FABP RiLG ARSI E 2 [ As, BEREVEID AR 7
A FABP AT B B8 As ASRRRED
4.6 #MECs ER

FMASE— A A T N HE 3 ) 13 S 4 2

WP 5, AR B S R B TR A
VERT R AL A5 JERE BV 8 15 G5 LI R i B
R EWF LY AR, FHTE R 7E As [
I Be, W BIAMA R G i) RAEMBGE LR, A
I AEREAMA C5 B KB T m ™ T i b A
C5 HEAVKF- S BEBR AR o 7™ 2 7 B2 Ao i

(G 31) E S
4.7 /W=
PR — P s & 2 e &R 19 I8 W IR PR K3

FLERK PR, HEPT 2 2 i 452 40 i A b
FE ANy Wb, HEPLER B 5 S 1 A T T UL 20 e A
DAL R A 6L 7 I A5 9 RE S N, N Bl ik b LDL 1 &
TR $RE T BRE R 1) e 555 4, DA 7T 34 I £ 5o 9 1) IR
UEAN BT R L RE TP TT W 7 3%, v PE
As [—MBLEIRTTHE ALY
4.8 PEEKE

FIREE 282 — ol £hy 1 7 40 0 4 9 1) J SR AR 2 1
Xof JB 5 25 5 S BOVE T, R DR A As 3 SR 1 4
fiE, ZEIG R 3R B A OB IR Bt As FIELRAE
R KT (4 BRI 28 T Sy T As O RE SR , J 188 im0 i
I A5 A RS
4.9 HhEAREWREY

AP IS As A Y0hs 5 9030 A 45 v T 14 kL
Y fL BH 2 -2 1 PO 1 IR SR TR 5 R T
SR T KBS A A A O WLDLES AR
T %:55-59] .

R 1. REREMRA As Tl I1E B KU I B 9 £ AR S

Table 1. The most promising biomarker for As and cardiovascular disease risk assessment

EYbREY KB EX7/E )i

YEHIBLH E PN

VORI A 28 8, 8 5 7 I 0 L 10 7 I A
FH T BR AR AL A g Ji2 Bk = 4 R 452405

hs-CRP 1
PRFEAN A T ) 20 M

IR e 40 L /1 2 i v 9 45 o 2 RO, AR

MMP T MR AR R A B CE R 1R

FR R AR

MPO Sz H A 40 A A4 D11 BE b 25 A A
A, R I RE R 7R AT W A M PN R KRR
Py, BT AL SR8 T 77 A O R

MPO 1
i HIE R EA EILRE I r A H 3

miRNA 2 P SE TR A S 18 S

hs-CRP W] 7& ML B8 AL Ai bt fh B i, 15 &
BRI A IR T SO AMAS i S e Al
JiL 7 A 6 B R, A P B T RE A2 0, in e As F
J&, hs-CRP WiE SR E AL &, G HMEA R &,
P R AKE AW, U N i

MMP BB PR T I PRAE R As BB S, 7T
i BB () £ R 8 AR W T 5 T2, 500 1 PR
SR T B YA

[1-4]

[19-22]

MPO A=A AR, J5 4 W 15 3 LDL & Ak Ay
RANETE B, (R HE As BREHIE SRR R R3S m,  [23]
JsE As o

iS5 HDL AR | B W20 D BE | 6 B 20 7 A
PR TR AR SC I SE A EL AR HT, 9895 As B9
AR

[60-65 ]




834

ISSN 1007-3949 Chin J Arterioscler, Vol. 33 ,No. 10,2025

5 BEFEMIRED

As B—PhZ N Z B, AL N RAE As By 2
PERE PR B 2R S 35 A5 S S R As
AR R R SR I
5.1 BRERIEM

AL OGO IE & 2 5 AR 3l bk
AR BTl ST B A7 A X R %
S RAE L EA LR g A iz LA
B T RE i AH DGR, B AT A S5 A8 ik PRIAUR BEAIR (<
5% ) o WA WFFEIE & B SE AL R ) SR R 2 3
4 (single nucleotide polymorphism , SNP ) {3/ 55 55 54k

BIKBRAFAE R (% 2) . Lp(a) & HATE A
I As AHICHEfe KA SNP 37 5%, IR Z W E R
PR e Sk = MY B A 2 RE  HE b R B IR 2
op211%) | R4S 5 As KUK 35 AH G (HL 284 SNP X
As KU Y DTRR AT DL 2SN, SR Z 4> SNP AT LA
TR TN As B9 XU B T SNP A0 15
(A & B, L0 2 s 2 2 HE T, Wang LIS BIE 5
R, NRE K- 19388 4% JC TR A7 7R R I 22 57, ik 4R
PB4 9 3 A% XU i T O
AT 5 0 1A g DRI A DG 1) e e R e A gt
A S B

F2. SRRk As #HXH) SNP L=

Table 2. SNP loci associated with coronary As

. ZiXE
swefug e D ey : BFscisit
2= FEA FEAE
151946519 A>C IL-18 JIEHE M 650 340 RO EILAT 310 ZIEEZIXE  SEHIR RIS
15187238 C>A/G IL-18 .
1L-6

151800871 A>G IL-10

151801133 G>A/C  MTHFR  [FBE R 504 254 A ERE 250 AldFE I E [ JEgE 1 5 £ %o R O
KT BeAIRST

151805087 A>G MTR

1510127904  T>C/G CR1 B SN RIS RE B 0 5244 BEFERSANTO~82 % HTHE T AZ RIS

1517259038 A>G

12457564 G>A LPA BB & B 2 MR/ 184305 60 801 44584 Al 123 504 A HEMEZIAFHA  BIKBEHLILDTS
s (R R FT )

183777392 C>G/T

1511591147  G>A/T  PCSK9  PCSK9 [ /b, LDLC 3290 1 268 42 iTIE Wity v ik B Al i PR B AL AT 5T
KT 2 022 Z AT 2GR T B E (REHEWFT)

1.55520994  C>T

145448095  G>A

152479409 G>T

152781666 C>T ARG-1  LDL.TG Fl TC /K3 200 4~ =B AE IR R E I 151X RE AR 5T

KEE

15187238 G>A

1512041331 G>A/C PEAR1  #20W ADP iESAIM/MR 290 AAHulims Bt ALY R 06
R

152644592 T>C P2Y12

1511249454 G>A/C/T  UGT2Al

14244285 A>G CYP2C19  HUifi/MIAE 1 RFAR 241 SRS I Pt HEAE 5%

12241880  A>C/G  ATGI6L1 A Jirh e J5E i 4 210 “BZJEiIAL T T AR 5

151800795  C>A/G/T 1L-6 RPE/RAE RN A Sk 447 RS BKIE R 0 316 A H R 131 4 BAFIBFSY
AR PP 61.249.4 %)

12803495 C>T TREMI4 {4 40 ifid TREMIA mRNA 137 30 ~74 % HTEOR R T W T T 5%
kM

152803496 C>T

152291521 A>G CUBN  [A) B ik S K T 14 452 ELIREBRE I 1511 % IR ATE 5T
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2R
swefug i D gk e o Xﬁtim BRI
rs55783344 A>G HNF1A LDL 7K -3
1517269397  T>A/C LIPC As
rs1801260 C>T CLOCK  Ifi/Miid ik 204 HLIREE BAB 5T
1s3745406 ASG PRKCG
1510861688  T>G CRY1
12007044 A>G  CACNAIC
11800872 T>G IL-10 BGIE/ HENE S 948 641 A4IE.L B E I 307 A IEREZIAE 9oa 1%t HELATF 5

5.2 RMFELE

S As 905 — st R 2R ML, 7
S5 AR PR 28 mT e 3850 3 L 35t A 46 M R st A% 1 B I 2
BIFk S8, HETC M 3E As 7281 ZF0 i
By, R B = nT LLs 2 s )Lk & fid:
Ko, BILETFENIRZRRE TR KE.
TR I WHIR 8 3 HE Bk A A 2 AR F P & X
S 1 DN o b | 1 B S I 1 /(1
Z ) 2 0 R AW PR PR BT (4 il 5 4, HL il v
PEER R () 40 B 5 B 43 7 KO B3 T, X AT
YER IMAE B D BE S 1 R A b i, nT e 5
Tolfs RAE IR 1 As A K™ Rk fE T
DNA & 1fii 20 55 &M A1 RNA 15 1ffi 3 = FlokE B¢
BRAOHLE AR B, I 28 & B — B 3R 58t 5 24 ik
5 As FERWRAR(ES) .,
5.2.1 DNA #4545 As #9 % % DNA HI 54k
As RAEY], Jiang o) K I, DNA H AL 25 & 2
SKBEER W AT VR As B2 Y AR Wrbn S W
GreiBlel 25171 R 3, As o DNA YAk 5 %6 1y HY A
Rl ik A B B ARk, Ma 7 S T —
FRRE D] As WA 200735, 32 6 DNA F SR AL
VERREIN As WA= WIAn S W 0 a5, AT & 3R, As
Sk B Ak TIMP-1, ATP 45 & & 515 1k
Al PP A LB R5RE 1 ATVE R As SRR
A PIbR &Y . o5 — TG RIS 45 R 3R, S A% 4
b 55 TR 2 A A1 o] 4 R R KT B el A T A Dy
WK TCI RAEIR As AOWEE A= Wbr i ™, Rl
I R IMAE 18 3 5| & VEGF/ Akt/eNOS {5 514 5
BT T B0 4 P e e L A, Kim 27
BT As FUMAE 3 i B b MEBL K 2K B 2 0is
1 9 A B TES
5.2.2 WEGLFEHE As £ F HEA
SEBMTE As PR FESCAEVER . GreiBel 457 K HR,
TEWEI As 9722 v 71 JULZH At H3K9 i H3K27

(A2 R 1 20 Tt Ak 38 s ~F- i JUL 48 JE R I s 4 i
H3K9 LY As BEH 7™ 5 R B8 AH G ; 718 L4
A 9 5E 41 g o H3K9 A1 H3K27 A4 H 3 Ak ik /1>
H3K4 BH AL S As BB A G, ILAh, Kt
KR E H O Rl H B RA S
As [ EAREADG . TEMIH As e H3K27Me3
B B K BT, — R AL R A 3 (nitric
oxide synthase 3 ,NOS3) 42 5 I 45 4 i A0 As AHIEHY
BN IR Z — | 2 2B I I
TP 2 8 — 45 Ak &5 1 ( endothelial nitric oxide syn-
thase,eNOS) , ZH % FI M LS 5 (histone deacetylase
5,HDAC5) 7 Kruppel # ¥ 2 ( Kruppel-like factor
2, KLF2) f38005 LA K eNOS 263K 380 i) 3 7 b & 5
TR, AW SR TR As ARG N B2 T RERE
TEBT A b B AR TR T

5.2.3 miRNA  miRNA &85 % AL 65 A
THERY RNA 207, A4 Py il iR {5 54 T rpold %5
FEAEF 20 U5 005 & AE R R A G 1Y) o o 22
BN Z — 78 As i FLUERR ip & 4% 51 5 () )R T 4R
A7, miRNA # HARFE N BT g 55 HDL 1R
L ) I 200 i LA % A S 400 i 7 R ) 7 R Ak
HFRK%, KEMPIRER, ZF miRNA 5 As
A, Li SR, As P ZEIE B IR TP miR-
130a ,miR-27b I miR-210 #7KF 5% T+, H miR-
130a Fl miR-27b 1% 7K V-5 T Ji 3l Jok 6 Ak PA] 26
Fontaine 7} 1F #H ¢, miR-126 H1 miR-143 A L ¥
AR R, i TR T LISZE As RO BERR S
— I HT Y Meta S0 AT EE T 15 TAFSE (6 K 15 Fh
ANA) miRNA) Fl 2 542 %42 538 HE5 R IR i
W miRNA KX T As B LR G 32 0# TAERHE
M2k THBLAE] T 91% , I H 5 P I e 5 1 o i
S, Horh, 11 4 miRNA 7K ¥ ( miR-146a .
miR-29a . miR-29b . miR-29¢ . miR-488 . miR-186-5p .
miR-183-5p ., miR-18a-5p, miR-374 . miR-675-3p M
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miR-192-5p) , 4 > miRNA 7K}~ JH ( miR-532-5p
miR-199a-3p  miR-637 &% miR-211-5p)® | miRNA
REW% 3 o 4 45 N B2 40 M ( miR-221/222 Al miR-
126) L5 35 WLANAE ( miR-143/145) DL K [ W0 41

KL JES ) 5 DNA B JEAL A2 & (B i R
[F], miRNA XJ 5 K 9 7 R ATy, b A B R
PR RIAYT RIS, SR, —4> miRNA 7] BB il 8 1
100 4~ mRNA, Kt , BA#f 521> miRNA 5 As B4R E

Jitd (miR-33758 F1 miR-26) I ZNBE, HE 1M 52 0 As AY

o B AR FROR R B AR AR TR A

F3. 5 As HXMRWBEEFHE
Table 3. Epigenetic changes associated with As

%
FEMBAL 2 P 7 25 H) FM st 2 X As AR S/(*;i
DNA &4 iz i R e Ab R 8 F Ak K SE T 5 - FF L 1 W R S5 -3 Y L e W KO B S s K BE B PR IR T [69]
HEINAN Crouse B4 HUSE TN FH 5, HL 5 As BUXUEE R R FPG  HbAlc
IKE-F Gensini PE43454H 56
As BEHIE PR 4 34K KO- FRAR TERLIDURTRE ] As BEHR K T B 50 20 DR 7 R ) JC AN I v 0 [70]
FXHFE 2 DNA (R 321k, As BEHH DNMT1 A9 £k B A%, TETI
kM
AR AHRR 2 H 50K PR AR WA S B PR A% A I AHRR 2[R cg05575921 7 s iy Ak K Pl [72]
i, AHRR J& K 234K L8, 3080 ik SEB 43388 in
TIMP-1 ABCAL J:PH 14 5 3 7 W 34k K F 3% As (3% TIMP-1,ABCAL B9 3T H 354k K B3 FH i, ACATL 119 [71]
T FH 2 A 7K AR
TR BIIK As ZHLUN LA A FBESURAS TR, SRSk As HL B AL K3 TIE 3 ShAk bk i 4, B [74]
HEE Z R B B AL KT B 3 T AR EFL SR B Y B SR KO 3 T TR B X 45k
A M H3K9 F1 H3K27 B2 45 1 2 BhAb K w2 S {dt R i A A B, 7E As 5 A8 HE R U 0 7 3 LA P, H3KO AT [75]
H3K27 AL [ 2 mE Ak 3 n 78 1 38 UL A0 i A0 s 40 i v, H3 K9
LS As FEH B R M OE, GCNSL F MYSTL (92635 7K - Fifi
% As (3 BEFGRMIGNN, 7 As KESR A2 JLAM i 1 48 4k 20 o rfr
H3K9 F1 H3K27 By H SEAb K1 i I, H3K4 /Y H SE kK S
As WP HFRIE WM OC, W IRFE M MLL2/4 3K TE As BIH
Ham
HE A LB As SR As M E, BRI As HAH DN 41 1P S AR AL MLL2 1 G9a ) [70]
kM
MelH As BEHRIN A T H3IK27Me3 ZBEAL/AKFREAR  BRHH As BEHLINAE b H3K27Me3 & Y B (A /K T BEAIK [76]
HDACS #ii] KLF2 A3k HDACS5 5 KLF2 54, i KLF2 (945 563506 . HDACS s &kl [77]
COS7 4 KLF2 fKifit: eNOS J& s Fi 4 DL & HUVEC Fil4- £ 3h
JUk P Bz 240 Y R PR R
miRNA miR-21  miR-130a, miR-27b  let-7f ,miR-210 \miR- SIE®WFEAM L, As B H M miR-21 \miR-130a, miR-27b let-7f [79]
221 .miR-222 } miR-272 Fik/K -k s F1 miR-210 (97K F B35 7HER, T miR-221 F1 miR-222 AY/KF B E %
K. 1€ As PHZEAE B2 19 1L T miR-130a .miR-272 Fl miR-210 (7K
S BN, miR-130a A1 miR-272 #)/K3F5 Fontaine 53] 5 IEAH&
miR-126 As /NFUAPY miR-126 fYF2IA T, miR-126 AT LA RAEA AP T [80]

miR-126 Fl miR-143

B, IELE As BY R, miR-126 0] DL T 346 T MAPK &2
) MAP3K10

MLIREAGER A B miR-126 F1 miR-143 KEAE As BRFRNIKET R, B
i 5 5 g ™ SR B B, HoK S — 25 TR

[81]

6 HAERARE As BXEMIREIHI LI

L 2P AR 10 S ol R A I 0 2 4 AR
W R M S Aoy AT RE, A B T A BE £
9 As A= W1 n AW LA e EAT As B0 B AR BHATL A
g™,
6.1 EREAFM=EERAF

e SRy RES T I AU S A, XA R As B

e PR - LA B | 40 A 5 o A5 2 2URE AR
AR RNA kK- FT RNA S50 3 2% 1)
73 [) 5 S5 20 5 AR AN A AT LG 241 o B 2 PR 32 3k R 47
R A I W] DABR A A0 i AE 4 21 2 ) Y EL AR
FE . SRS SRR, 23 R FE SR AR
REAAF AN I 77 41 204 B IRIE T B S0 Y 35 (A Gk R
TELA S ST R, A B T IR A B 1E 5 F19
PR T AR 7E As iR ILHI AT h A 38
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KR AT,
6.2 EEARAF

ST 3 5 o A B bR 2 2 v Y R
U, I S AR AR AU E A T % L, BN, As BEBR
S IEH shkRERY LU, DLSZEET As B2 W7 oot
GEHA B ERALG] S5 5T 4 A A 5 R BT
TR AR PEAT 3BT, A 455 3F L 1) 1R () B b 43 BT R
W, AR ) oA B A G R IR S R ) T
J, LIS 0] B 22 b iR ) 25 53 36 38 1) B 1 5 T A
] 43 BT ) 3 T4 B 1 T, DT 4 43 A 1 R A
JEFRR S X PR T I AR S G, BETE AT R A
SRR KB ST B AR R ALK
P00 1) 7%tk R 1 0T 20 2 A o LA 0 F 5 v
i P — A~ 32 22 Pk AR An e 3% 8 5 38 1Y Ar AT AR AR,
T AT FE 8 1 o B ARG L e R A LA R R T
20 2 A0 3 6 2 IR R 2R P TR A TR
6.3 RigiHEE

P ZH 27 3 5 5 P A% 8 R 0 3% 30 40 33 - o i
R FH A AR SR 43 BT 1 Y 5 4 8L A Hp i AR 3
P (0 2 20 M A3 o 8 v 1 /N 43 o ) 44
LT, BN, FEe S SRR AR TS As (A ELAE
FHEBE™ | Heah, B8 Bl E R A 4 2 1 —
A3 AUBFSE TG HDL LDL 1 TC, i ¥ K JIr
HAEARIART, K TARBTE As of B it 3 i %
VERT, DR BT 2H “A A58 B AR W bm i ) S 8 T BA T
R AT
6.4 BB HEFEAR

P2 22 21 2 e R J2 48 7 (W] — 4 i v [ B
JRZFIH =W R AR I T IE R 2 2K 2 A
JERE 22 AN AL ) S 1, 42 00 45 2 A 2 2 [H) 1
FITERR A B TS0 R IR YT . Al ta i 1 4=
YW ARG R SR TT, EATH A IRER & B B 43
FHE, AMNE AN RNA B AREA DOk
IZA ARG I B 2008 1) P 2 B A i i PR 4
2 FMIEH A B A A 2 AR, P &
JREIReE 8 G 2R A e . A 2 A R
PRl 4 A= P B 22 0 1) B R S, R A BT AL 4
As TE N I & 24 35590 L B2 008 T IR 200 1) L A2
N FE BN B AHR AT B AR N As 9 28 2H 2 1) 5 240
L EIEFTAE S T P I g S I A A [ o)
WA BRI A A S 2 B RN As BEER
HATRAMESE, a7 T H AP R S8 T 240 MOAT | 20 ffd
BEPE T 20 e DA S e 200 G 10 22 o it R 2 B HL
MEAEHALS X — & AA B IR AFEf# As
(A EL A FRAL , 7 LAy - 24 W %) T R HE A

PTG R T 2 A 2ERSE As BEER Y
S LA AL, 4B 7R T BEHR 7 LA A 53 AH BLAE
FHIIBLH . BF 98 & B, % 5% T KLF15 0] G 1
KLF15/1GFBP4 %l 42 S ¥ JUL 20 B %) 25 90245k
TR PI3K/ Akt {5 53 5, 15 100 98 17 B B 1) £
M

As KT | K 0 M I A5 9 2 4 BR R 9 R A
FET-H A PR Z — . HAT, As B2 WifE G IR L
FEMM TR F TR 4G CT A% WG IR0 A
8, DRGSR A AN EE SRR T EX BT
F SR, 3 L A AN B8 A 1) e J32 i T 7
(1 As, PRIBG X As 14 57 S0 2 DL B RE AN [] XU 7K
PR REI T ISR A EE, A, 5
BMEWAEYREY R 2 5 50F A AR N R
DR, FERMERMEAM T, hs-CRP ffi A B AL
o As (RIS W A DbR Y, BLAh, 2R E A
VbR 5 4 A ) T R A3 T B — 8 b 5 R AT
SEFRGHE, B AR AR IR Bk 2 1
SNP v S0 Bl 48 57 . 28 UL ast A% 2 [ A 2 — b ik
PIRESE TH, TR IR E 5 As Z [ HH B4R
FHEHLHL

BB b 3 WA I R R AT R A7 B AR
ZE50 HHZUVRR SR A Ty R G — | R Ry
SN, LR A AR IS M) A R R R A I
Rsgm . K, 786 R N B 2Z 00, 26280 E 47 KB
BRI PRI 78 LA B0 AT S5 1 A B v
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