HTEES 2019 58 41 B5 4

0L ik

s BB RE AL DT LR A B Hr &

R 5T HE R

EED

e

RN PR R BER B RE R VR EREZFR TN I ERRR, RIEMR LI, shAKRRRE (DT M E # £

MR HEADISH R OER, TS IE T ER I A , NPT RAN S M F , X SPHRAFRE BV PSR AM & # 4 o] A& 0
REMAAES R RS, 00 R ISR DR P M B A kAR E PSR, B 2 B A W58 S A AT AR (L BRI AR SRS . Ak

BXSBFERE (L DR K I B A4 A2 M0 (R 3R L M EH A I BRI RE LR E M IR I R H B X 2

LI R O R B TR I8 T 4R (T A9 EE =0
[ XA ]

sl AERE £k (atherosclerosis, AS ) J&—Fh 2% 18 i it
AR AR, HRRAEAE T sl BRI Sl K 1L A5 B ) 22kt
PRGNS e 3 AS BEHURIE . AS 1 Ak B
BT « N B D RE RS A 1 5 SAAZ AN S i 2 6
AT A 5 Jm B S AL LR g I DR 5 4 i A o
JiG s V- LA LIRS 5 BB 6% 1 FERR AR LA . A
AS X, Jry Fl AR S A5 CHNAR XS il S RAE A IS )
PR A MR Z M M A A 1, (2R AR A AR
B A AT N T8 R B A A S Jmy At sl T i 2
DR ) A AN HE SR MR AT SRS A W A5 AR AS
PP EA AR BRSE 1, A PE AR RYBEHR Al 5 [ B 1
2L MU FNRERE LR Ak A A R o e e R S Ik &
fif.Cacute coronary syndromey ACS )WY =22 A& ML -
I, Infal kS AS BB Bl I BESA R E R 2 i L
o IR W AR AT TS B, AS BEHR Y H 3
PR AR M AE, XSO A 1A AT AR gE AS BEH ) &
J'& 15k AS BEHRGHZE , 5 BT PR i AT E 1R 25 UTAH G,
AFFA A ASTES PN M4 T A A B MARAS LBl
IEATRE BB ESL S HTT R AE R & AP BT, E NS E
AL RIS I, JUH2 AT
2GRN N B —Se R 25505 daE 2 PSS RTE RS
MRG0 AELT 45 AR B2 W I PR X6 18 R By o AR S

DOI:10.12056/].issn.1006—2785.2019.41.4.2019—2

A4 B Tk T AR B (2011B82015)

MEHF15:315211 THERXFEFRBRR); TEXRTE
FIRWE S RA B i NA(RRR)

BAZHEH AR, zhoujianging8701@163.com

HECEREML PR MEHE KE KE

SR HERE—5RA , DU A s Bk

DEGR BT AR IS A S XS AS BREBRAS E P Y 52 1
4 —g%izlso

1 ASBEER P L& H A TR

AR AR T I A B0 LA e i Y B2
AN A IE S S IR , N AFERY A b AR A s 20 A
I XA R Y B 40 A8 ) R . IR AR TR R
B WRIREE T 5 A S S e A PR K
TR B )53 7 25 22 T BHLAR S v 473 15 A
0o M8 A 2 A8 A G PR AL A= s ol PR 22 (1)
TP 9 8 B i B, (B E— L R R s e
(AN IS s 1 G ) 3Rl 7~ B N IR A
LT ) 12V HER TR, TS D2 145 2 B AH G
PRI, 4n il 48 N B2 A 4 P F (vascular endothelial growth
factor, VEGF ) M 1% T 4 41 ffd 4 + [ F (fibroblast growth
factor, FGF ) , #E 11 S 2wyl A= ML45 Az il A Hh s
3 AU RO AE P e AR G A AT RS, Ho s 2T 3L
A& P R3S

T2 AS BEHeh, F 209 48 Az s L) = S RTAAAE
R TG 37 A8 v iy R LA A o 108 A S )i e o e
JA 2, 1755 0L A R F (I VEGE) I 3Rk FIVRE T, JF
AR 48 BT ] o Bt S A R R A A 1l 4526 Al
FNGERE T ORI, DAL A2 3% 100 A8 0 & 28 1l A8 AR
JICH XN IE BT A A8 T USRS R DRk L 20
JHLIR 0 I AE BE NG JEL B BT ITOAR R IE AN AS ik AR i Jrevl,
it 5 DL PN SR 27 1 98 R BE SR AACREE K, BBk A 15
A MR B WG 20, XS AR 1 1S R 22 A T A Al
BRI A G TR LD B A it 2 ) ) AN R 1Y

-393.



Rimio —J7 T, X BEA AR AR LA 2 5 kS L P Y
T ARAE 2R A2 20 DA v e DR AR E
(Y BES PRSP 5 55— D7 1T, 1 26 1 A8t 75 5 10
4, T R SR P HE i DA e BREBROBRE 2R, DA o R A e
ZETS, AS BEBR PN B9 LA T AR 2 R R B Y A R, O
Bl— 2RI ARTFAAE , I, P R AR R R AILAR] .
AEEME L.

2 MM AS BEER I E T A R B 3R

2.1 REAE SR NI L A AR
K Z S AE R i AE B AE TP AR BAGE , DAERY SEE RS
B UFSE, RAEES RSB P i 45 3 A Y A SR A
IEFTEOUT , M H 48 0RT LB R B0V T
EAMAERE MG AS BESLAYUERE 78 AS BUAZ0 X 35K
7B 3 3 JEE AR B R P i sz Iz e A Iz S K P 3
SR R AR S fl BRI A SE BN TG, DTG S 2 ek T 4R
] PR 47850, DR ™ A A S L 4 5 75 IR A
E’Fﬁl{f&%ﬁ%?ﬁ%(hypoxia inducible factor, HIF ) #% 18
I8 HORW BN,

HIF-1 & B SCHR A T, S — R o A7 7 1Y
e, mefeds B E N A AN RV . B
HIF-1 CH I PEAS 32 Bk S 52 0 ) A1 HIF -1 o0 (35 24 373 )
YR S B 1, HIF- 1o R BT O, (RIPER
IR AL BRSSP, 26 IE 8 1 SR T o HIF -
Lo PN By 2807 RIEER MR A SR . DR
PGS IR BT HIF - 1o 32 2230 3l 45 N R AE K 7
(VEGF) . —% L& (NO) FE LA (ROS)3Fl ik 125 |
N 2 AN % A 2028, VEGF \NO RILE i 38R =4, A&
M/ AT A A K T (PRGE) Y IEAE T AS By &
Jn-2, S VEGF YRR , R S P Hb 45 G 67 T8
A N ) VEGE 24K A2 35 K 4 A= K IFTE Al
B I A e B AT 5 5743, AZERRBEER N 1 4
LT (AAn RS AR, HIF- 1o 23 P50 , T
W/ VEGE I7 AR fe 19 1 A2 (5 545 5 HIF &
INTLAE BRI IRAEME: AS 928 PO B IMAE AR Al 3X
s BER RS 1) S R R 72—, TP SO &E LA K
RPN R R
22 HERKEFHREERAMAERA NS EZEEE
A K F R sh AT, VEGF FI'E /Y Z K VEGFR
LA I A8 A R AR R AE R 30 AR R TIZ S
VEGF % J% 43 #& VEGF -A,VEGF -B,VEGF -C I }
VEGF-D 5f#A KT VEGF-A 7E&7-98 & BLRT,
B IA A S — T A 1 530 375 1 P A O PR 1, BRSNS Y

-394

LB 2019 58 41 B5 4

A —SE AL A A (endothelial nitric oxide synthase,
eNOS ) £ NO, NO n] S E 48 1 &F 5K DL K i A8 B i
BRI, RIE A VEGF &2 (k4 5¢ & KN [F 1 T g
VEGFR1 25 T %2 [f) 1% 1L T 40 i A8 S 42 DA K B0 4 it
(LR 1 VEGFR2 F1 VEGFR3 W2 P Bz 240 Jifa 78 % 15
A2 DR b B 45

FENZE AS BEHR A 7R KR A I 4 AR KR F
1§ VEGF Rk FGF K% .PDGF K% TGF-'8, Ang-
TIE 25053, B T F3RA-Z809 VEGF 4b, 55— A T S T3k
J& FGF K. FGF REUEIEE P K 248 i F-F- i JUL 4 e 3
B, FL P PN R G A A L e AR S UL
14543 WhE I, FGF—=2( bR G ) A3 1 45 397 A= i VE R A R
FEE A 2 i /N AR AT A PR D) e b 4 2 S UL 40 i
(smooth muscle cell, SMC) /9 3 58 , 1€ 3 76 21 1L 45 ¢ ok
SR R, JEHE SMC % 55 , bFGF R BB 145 PN iz 24
G5 SRS, DAR A £ A5 i e R
2.3 RAESREHN ML ARITEAL AS TE A
Bt et vk RAEA LR , NBEER N IREE (M R, 13Xk
S FL WEAT A 5 ) B 45 P R T 1) 9 i £ -3 B,
BT 50U I A R A1, LA A AR 43 U0 P2 1T
FIE AN 2V 24T, A5 BEBR iR 14 T B DT fin
T AS BEHURAEMIE AL, SRE S BEH N A T A A
YR TEVFZ AN R R 18 P S B i, 04628
RIBAEIETT R DRI 702 B ECH B e 2, AR B 1
M5 RIE RN R EY] . REEIE S5 R,
BB P 8 A 1A 22 82t A BERR 4 i 35 10 TS
TR DA A A2 4 0 40 0 5% 3 AR ) sy, A o 4 44 i
AT LG A 95 1 A A I R A BERR P, 20 R R A
LA A 1 DR ol 8 LA B A AR B AR
TSR IS BT A, JORE FNBEBR P 1M A5 A R -V AR
HEM, &6 AS BEHEA B0 . Moulton 55 P7E
ApoE"/INEUH AS BEHURAR SRS, 10555 10045 1 2% i
LB P 4 1 40 R P 550 B 1 A G, T BB 1) RN
FHIKFR . Xiao FWEG T BRI L AIF A AS 1
MR, & BAE AS I B, RRE AN 48 Ak I U 112
PEBEHR Y A B AR A B 2R AR A
JULE 6L R s 240 L8 2 3 WA 1 A8 A R, Ao 3R
B R AR BEER T Y B 20 BB e A R Y 1L-8, 3L
AT LA 51 P Rz 20 SMC IR 2T 4k 20 i, 266 B0 L0 A2 1 4%
BEMER 2 ERRE S VEGF-A F1 FGF-2 14,

25 TR, e PR = AR A2 BEB oY BT A 1045 A%
PIAAIRZR, BT A S R s 5 R 20 M i SR 4, 14
INT BESR ARG S, FECE AR



HTEES 2019 58 41 B5 4

2.4 HAth 5z K2 S5 BEH N A B A Tan FE07-SHESE T
% R A 1 (HDL) R AU 5 B iy A8 2k, 3L
PRI B AR E B & R TR 25 HIF-1a (PI3K /
Siahs / PHDs ) (14 B 5 &4, >K3G 5% HIF-1o/ VEGF 38
O HERE T HIF-1o PFE M. RS IRETE S S0 R i
EIE W T A UEYE O 2R T8 2 , A 80 A 2 A 1E SR
RAET, Hutter 25 BIF 5% UE 52 480 Ak BUAIK 2% B2 R 26 1A
(ox—LDL) A5 A 7 HuAZ - WE A g Fp 34 HIF-1 F1 VEGF
(IR, 1T HA AT LA75 5 N B 4 MO 3G 56 , 25 18 n ot 47
JE o Zhang SEOMFFE I, A5 T PN B2 4H R A0 B G
I ( Calpains )8 Al @ it VEGF A5 5k #4035 PI3K /
AMPK / Akt / eNOS i& 18, M-S 20 AS BEH Py A= 1
B BEESPTER AS B Al 38 HE Y0 f
G A 8 e RN A G B 0 1(VCAM-1) A2
MR 5B F 1(ICAM=1) 5 AS BEH N 1ML B 2k 25 )
FHOG, P fEE AS BB A HE R AR E o

3 AS BERMN I EHE R INBHRISE 1

N AS 1Y 95 3) ) 4 BEHR BT ik, PN IS JEE A S8
S BUEF TR A B BRI R, 1 AR S D, )
HAEATEFERG N, X AR R AL TR AP, e &7
FOHTEMAETE . BEBR BT AR A AOAS I R 2Bl AS
o 78 B4 T 1 0, AS 9 728 F) g B A R DA T 280 8]
VIEL,  pA S5 A A8 A A A 28 0 3 T DA 319% 2 Ji %)
100% , T B0 11 284 g L1 48 (P9 IR AR T 2520
i 1T 28 2 V2R g 72 %ok 07 W 30 28 ( £ AR5 T, #4516 A
B AP, BEH Y Il (intraplaque ‘hemorrhage
IPH )2 AS BEHRH W I AE , i THEHe B AR A R
AR T DRE A L SR AR AD SMC B =5, R LA EATTAR
[ 558 3 25 T A L RAME S, 38 W ph 3R BRI PR B 0 B
AR A AR e ARG SRTE , ZE TRE TR P97 A 1L A8 2%
JERR A IX IR A TPHAA KU o 2 39 K TPH 23 2k
PR B2 T I e B A X e o) 4 I P 1, Ol
Bl ke PR A P 3E

E 2 BEHR Y IS A F TPH 2 SO A
FeE HCRRE PR 3R, SR B2 4o A2 14 B A B2 ALl 1 A
TR o FATT R TSR AT A 1S Pk — J25 PN B 20 A
G, A B RERSERE Gl MESR R RRIE , (HIX n] S B R
PR A — S0 E IR A  , S TR I AE A A R I R A
PR GLIEA £ 1Y, JUHORTE AS AW, A F 705728
Wb NI S . T 5 — 7 I, B AS BEHR YT
AR ISR A T — 2D R dgfe /D e 40 A ) S
OYHTE A W K e R A S e A R

L, FETG R AR 2855 O A
4 RE

BEH PN LA B A TE AS (R BEA: BEA# ML i 5

R EENIEN. 768 AS BEHLN, AL46 A t 3L F & (LR
JEAE N B 22 PR 25 PT RE A I A5 B A iX A o i v ke 4L
FHPERT o 78 AS IR IBIB B AP 1Y 2 A A AL I3 S5 A1
XoF R4 ) PR B A AE G, FE 1 I A8 AN A T A0 A 1Y
TER. TEMRI] AS BEHL 18 S A AR BT AN 2R 1
i T e 2 E— A AR 10 A A o, E R S B A B A I A
Blw It H ) 32 BEH N 7= A 0 20 i 5 (9 n 48 Ak 1)
RIS S0 A4 473 o SR 6 40 I 0 495 1T e 3
BEBL P I, RO AR L B R AR P 1 2 A
X | A P 2 A L Wt 5 T i, 4T 4 TR
F LR, 2T 88 AR, (it Jd 3 Ak 1y 38 1 1 21 2% D
BT RS SRR Je e S i L, S R EE
BTG AL FT BB S Rt 4RI , IS R BEHOA AR e T
HEINBEHE SRR X S AS MR TE A G,
BEH P Il A A AR — b A R (E P AR DG A
RAEFAS 1EF X BEL 55 B 2 A 1, Pk, 9 ) B
AL A BRI A 2 5 A TR A A B >
FEIRIT RS . AESCIR SRR b Bl A AR 2 e
ISR AS AR TE B R DAL, R S8 AS BE
Huiii £, Moulton 2541 51t 7 £ FH I 45 A A 41 ol 351 P
BN ZE L TNP-470 J697 )5 , s E 1 E SFE/NR T AS
AT /D o SRR I AR, e A8 (o P e ot
EHERLYIGIT R, Bl g £ k2 (&
BUEPL VEGF / VEGFR) &2 & A O LA B RN, Wi
I o LB I AL LT 46050 38 i AS BR300 Il A <A
(RS o BT T2 A AR Bk P/ s e 2
AR, BUHIR G IR L3697 5O 1 — 22 FH 24, il
AS BEHe P i 8 R AR PR E 8T 2 B 5 IR 5
Koutouzis Z5258 12 WEE A A 20180 ik P BR VTR AR AT, K2 31
T 22 RERS I AS BEHR N LA B 2L, I BB 7
A TR (B AR T IR L0
AS BEH PR A I A R 25k R g, s 4R IS
K T A LA B T A R T RER R e R
FITFBR TS , T BEB kg . R, 75 Bk — AL fF
S8 AR BB BTN A 258, H AN A RN AT 32
MIRIVE R, B 75 VA AR B AS BB AR 2 M0 T 1)
WIEDIR . 5T AS BER NI HT A= R A VR St 2,
02 B A LA X o A R M P R i B AL
ACAAESE AS BESALH ST 0 7 1) FUEL B, A28

-395-



H
4

)

(6]

(7]

(8l

(9]

[10]

[11

[12]

[13]

[14]

ACS FYTT FATr S LT A
&% ik

Moreno PR, Purushothaman KR, Sirol M, et al. Neovascularization
in human atherosclerosis[J]. Circulation, 2006,113(18). 2245-2252.
DOI:10.1161/CIRCULATIONAHA.105.578955.
Arbustini E, Gambarin FI. Theranostic strategy against plaque an-
giogenesis[J]. JACC Cardiovasc Imaging, 2008,1(5): 635-637.
DOI:10.1016/j.jcmg.2008.07.007.
R ER NGEFE U DERAFT 4 & P EETT R[], 4
FEZSZT), 2015,33(5):1168-1170.D01:10.13193/jissn.1673-7717.
2015.05.044.
Marsch E, Sluimer JC, Daemen MJ.Hypoxia in atherosclerosis and
inflammation [J]. Curr Opin Lipidol, 2013, 24 (5): 393-400.DOI:
10.1097/MOL.0b013e32836484a4.
Moreno PR, Purushothaman M, Purushothaman KR. Plaque neo—
vascularization: defense mechanisms, betrayal, or a war in progre—
ss[J]. AnnNY Acad Sci, 2012,1254: 7-17.D0OI:10.1111/j.1749-6632.
2012.06497 x.
Potente M, Gerhardt H, Carmeliet P.Basic and therapeutic as—
pects of angiogenesis[J]. Cell, 2011,146(6): 873-887.D01:10.1016/
j.cell.2011.08.039.
Chistiakov DA, Orekhov AN, Bobryshev YV. Contribution of neo—
vascularization and intraplaqgue haemorrhage to atherosclerotic
plague progression and instability[J]. Acta Physiol (Oxf), 2015,213
(3): 539-553. DOI:10.1111/apha.12438.
Parma L, Baganha F, Quax PHA et al. Plague angiogenesis and
intraplaque hemorrhage in atherosclerosis[J]. Eur J Pharmacol,
2017, 816: 107-115. DOI:10.1016/j.ejphar.2017.04.028.
Mulligan-Kehoe MJ, Simons M. Vasa vasorumyin normal and dis—
eased arteries[J]. Circulation, 2014,129(24): 2557~2566. DOI:
10.1161/CIRCULATIONAHA.113.007 189.
Wihastuti TA, Sargowo D, Tjokroprawiro A, et al. Vasa vasorum
anti—angiogenesis through:H(2)O (2), HIF-1alpha, NF-kappaB,
and iNOS inhibition by mangesteen pericarp ethanolic extract
(Garcinia mangostana Linn) in' hypercholesterol-diet—given
Rattus norvegicus‘Wistar strain[J]. Vasc Health Risk Manag,
2014,10: 523-531.D01:10:2147/VHRM.S61736.

] Jain T, Nikolopoulou EA, Xu Q, et al. Hypoxia inducible factor as
a therapeutic.target for atherosclerosis[J]. Pharmacol Ther, 2018,
183: 22-33. DOI:10.1016/j.pharmthera.2017.09.003.
Ma J;.Evrard S, Badiola |, et al. Regulation of the proprotein con—
vertases expression and activity during regenerative angiogen—
esis: Role of hypoxia—inducible factor (HIF)[J]. Eur J Cell Biol,
2017,96(5):457-468. DOI:10.1016/j.ejcb.2017.06.001.

Camae C, Pucelle M, Negre—-Salvayre A, et al. Angiogenesis in
the atherosclerotic plaque[J]. Redox Biology, 2017,12: 18-34.
DOI:10.1016/j.redox.2017.01.007.

Viola J, Soehnlein O. Atherosclerosis — A matter of unresolved
inflammation [J]. Semin Immunol, 2015, 27(3): 184-193.DOI:
10.1016/j.smim.2015.03.013.

+396-

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

LB 2019 58 41 B5 4

Couchie D, Vaisman B, Abderrazak A. et al. Human Plasma
Thioredoxin-80 Increases With Age and in ApoE-/- Mice In-
duces Inflammation, Angiogenesis, and Atherosclerosis[J]. Cir—
culation, 2017,136(5): 464-475.D01:10.1161/CIRCULATIONA-
HA.117.027612.
Xiao WG, Jia ZH, Zhang QY, et al. Inflammation and oxidative
stress, rather than hypoxia, are predominant factors promoting
angiogenesis in the initial phases of atherosclerosis[J]. Molecu=
lar Medicine Reports, 2015,12(3): 3315-3322. DOI:10:3892/mmr.
2015.3800.
Tan JT, Prosser HC, Vanags LZ, et al. High—density lipoproteins
augment hypoxia—induced angiogenesis via regulation of post—
translational modulation of hypoxia—inducible factor 1alpha[J].
FASEB J, 2014, 28(1): 206-217. DOI:10.1096/f].13-233874.
Tan JT, Ng MK, Bursill CA. The role of ‘high—density lipoproteins
in the regulation of angiogenesis[J]. Cardiovasc Res, 2015,106
(2): 184-193. DOI:10.1093/cvr/cvv104.
Hutter R, Speidl WS,\Valdiviezo C, et al.Macrophages transmit
potent proangiogenic effects of oxLDL in vitro and in vivo involv—
ing HIF-1alpha activation: a novel aspect of angiogenesis in
atherosclerosis[J]"J Cardiovasc Trans| Res, 2013,6(4): 558-569.
DOI:10.1007/s12265-013-9469-9.
Zhang Y, Liu NM, Wang Y, et al. Endothelial cell calpain as a crit—
ieal modulator of angiogenesis[J]. Biochim Biophys Acta, 2017,
1863(6): 1326-1335. DOI:10.1016/j.bbadis.2017.03.021.
EF, XN, TAHE MEEE RN 1 ME MR 1 23
R ENBRIEARE DL M EHT A [J]. P EEAKELARE, 2014,22
(3): 217-222.
Otsuka F, Kramer MC, Woudstra P, et al. Natural progression of
atherosclerosis from pathologic intimal thickening to late fi—
broatheroma in human coronary arteries: A pathology study[J].
Atherosclerosis, 2015, 241(2): 772-782. DOI:10.1016/j.atheros—
clerosis.2015.05.011.
de Vries MR, Quax PH. Plague angiogenesis and its relation to
inflammation and atherosclerotic plaque destabilization [J].
Curr Opin Lipidol, 2016, 27(5): 499-506. DOI:10.1097/MOL.
0000000000000339.
Moulton KS, Heller E, Konerding MA, et al. Angiogenesis in—
hibitors endostatin or TNP-470 reduce intimal neovasculariza—
tion and plaque growth in apolipoprotein E-deficient mice [J].
Circulation, 1999,99(13): 1726-1732. DOI:10.1161/01.cir.99.13.
1726.
Maurea N, Coppola C, Piscopo G, et al. Pathophysiology of car—
diotoxicity from target therapy and angiogenesis inhibitors [J]. J
Cardiovasc Med (Hagerstown), 2016,17(Supp! 1): e19-26. DOI:
10.2459/JCM.0000000000000377.
Koutouzis M, Nomikos A, Nikolidakis S, et al. Statin treated pa—
tients have reduced intraplaque angiogenesis in carotid en—
darterectomy specimens|[J]. Atherosclerosis, 2007,192(2): 457—-
463. DOI:10.1016/j.atherosclerosis.2007.01.035.
CBcAE B #1:2018-12-29)
(A SC ot - 524 )



