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Atherosclerosis is a chronic inflammatory disease of large and medium-sized arteries, which can lead to

ischemic heart disease, stroke, peripheral vascular disease and other cardiovascular and cerebrovascular diseases, seriously

endangering human health.

Intraplaque hemorrhage is an important feature of advanced plaque, and it has been proved

that it can accelerate the progression of plaque in a short time, which is mainly related to the influence of blood cells into

the plaque on the level of inflammation in the plaque.

The purpose of this paper is to review the role of blood cell compo-

nents in the regulation and outcome of inflammation in hemorrhagic plaque.

Bkl FETE AL ( atherosclerosis, As ) BEH P H Ifi
(intraplaque hemorrhage , IPH) Jf& == 22 iy T8 A 1ML 45
BRI B B o3 E A BER b ) —Fh 4
SE T R B ) E BRI R As FERE A5 K
PP AT RIFSEIE S, H o B B T J 1 P sk
HEE HE 5 T B0 I A F R R A X 3
B BRBEPRAT ST, AN T8 145457 Js A 2 A B2 AT, IPH
M7 TE T8 As B3 8 ~ 10 55y i KURUE™
IPH 300 il 1A R K A 5 W 5 TRAROG : He—,
FMABEAAREOAR S CT PPHY TIPH i, &8 TPH A2
J5 R L i, 5 | 7S S B AR ARG o, s o, e e 22
TG I A R A L R AR A Y R
IR, 120 A A BRER S i 200 8 53 7R B B N AR,

[WFBAH] 2020-09-20 [1EE A
[E€WHE] EXRAKPFELLTERKIH (81727809)
[1EERET]

PR ARAE SN, IMPEHRAE M, il R 5T
IPH i ML 2 S T SRR P AR BRI5E A 52 0 S LA T Bk
PR AVERT, A B T HATTIR A DGR i BB A4 2
JEALBE, D BB A6 7 H I BB | 9200 i 1 A
PF R SRS S Fr

1 RAESBBKHHELBIR A H M

B KRB A — b 1L BE A8 A SR AE PR R
B B BN R ) ST R S S K, G A A i
ME RN, FEE As BOBERE DRI TERY A B e S
T R B P SR LA PN IR B U As
IS I T BEARRAE, AT 3R B R I B IR 2R ) (low

2020-10-27

R B AR, RIS AE  WEFE D5 160 S 7 Bl 367 S K R AL H L BER | E-mail 24 bxhwlmq@ 163. com,, 8 {5 {F &

FEe, - B ER W5 18] Sk sh kol A AL & AL | E-mail 4 wangln6@ 126. com,



820

ISSN 1007-3949 Chin J Arterioscler, Vol 29 ,No 9,2021

density lipoprotein, LDL) ¥ ¥g | iH [ B 285 i 42 5 3R
YeAZ 0 . Toll 52 & ( Toll-like receptor,
TLR) {5 5 18 B 30 2 76 R fh e 1Y B 32 e W i # 2
—, AT DL 1 00 A% P F kB (nuclear factor-xB,
NF-«B) {5 5 38 s 14 0 42 R B 573 i, NS 1Y
LDL 7£ 7% P4 (reactive oxygen species, ROS) HY1EH]
T A A LA LDL ( oxidized-LDL, ox-LDL) , B Hkt
N B 20 i 3d 5T TLR A% ox-LDL 77 W, 0 M 4
e SR A5 50 g% AEL [ s 4 & ] 35T 40 P AR E /D
K AR TE A4 & 1B (interleukin-18, IL-18) R A
SEUDED B IL-1B SRR T BeAh, B Akt
SRS SRR I E BB oA A1k 1 0 AR HE BB )
PIPERE N P R B DL A B
FIR) A Wk 200 i 10 3 B A B 5, U5 ROS 77 A= BT
SNEANNE DA A A /NI, 7T 1 SRS oA 440 i R SE A
BT, ¥ RIRFERZ O, IR 5 2 & R & A
( matrix metalloproteinase , MMP ) = A FIRE I , #5455 3%
TR, Fre 2 BB ) B v

T8 As KR rp 3k P G g2 4 vl DL 5 2
PE AN S R SV, DTN B B HE 2% As BEBR A &
JEU . ELEANAR Ik A0 A R M A S SRR
B TPH AR IPH R AR M A £L
20 B B AR W A S i T2 A AN IR 7
SN A B JRAE S AV AR N, T 40 7 55 R
A 200 DO 7 R ke N e B 1A Y S 5 RE S
i, ILEIVE R, A As BEHLIERE

2 {YMAETEH mBER P EIIER

ZLAA LA A0 P o PR, AR TPH I DR Y
CLANM IR AN BEBR P, S A B R R am e
5T 3 T IE S5 H L BEER Y A 7E NF-kB #& 7 210
28 i LA R S 0 ) =X b 9 R RE PR 1) mRNA 7K
- BB 2 KU X A S LT AN M A
IR G, A0 B e & R o, ML & A 5
AR M £L 2R AT IR | 1 28 o0 2 9 AP AR Al i
AR, L [R) A FH R ] Jon = 3k Bk oA A& 17 iy, 2 ik
PEHLE
2.1 LIYRRERE

FAE 2007 4F 50 I PRI 58 4 38 6] e AR e 7Y
AR BN KR ( coronary artery disease, CAD) 34 Fl
S 5 R 3l Bk 2% & 4iF (acute coronary syndrome,
ACS) B 24 21 20 Mo B 2 B [ B (total cholesterol
content of erythrocyte membrane, CEM) & &, & ¥
ACS BAFHHY CEM W & = T A€ A CAD %, B

Jo , A BFFESE B RTE As S2E S B EFARABTT
J& , SRR L, B dT A T 415 CEM ZKFREIE,
BEHLRAZ B 5 A8 /0N B A2 P I 200 5 % Ok
b BRI TR XSS R CEM 1T
VE R As BEHCIE R LG PR A bR G B
I 1 i UL I A 0 20 R SR | i I B £ A
JHL B, Ay R pA B A4 R ) L T, LR 43
O 0 2 AR TR AR =X 3k 4 fH [ e 12 2 B e Py 6
SE GRS 1) A RIS, 755 6 UK 400 R 1, I
PR IEBE S AR BT AZ O3 K, M-S BB e 5 0 3
Jnt AN, Tziakas aE(22] W5 KB, 1E NS As B
BB A, DI T D21 240 e S % b AR ) PR 3R, 2
Wk 1T 11 1% 21 200 i BSS mT A2 a7 35 JUL 200 L 1)
B UL AL, BT UL, 21 40 A AT R SR R i B B
WASIEIE L BB 2, A, 24 TPH R AR ) 4L
290 B RSP LA 2o 398 o S ot BRE e P g I er i R
iE SN AV IR I B B N 0 B AR S R i As BEBR
B,
2.2 MAEBFMMIOIE

BEHR P L, 21200 M5 00 B8 00 H %) I 21 2
(hemoglobin , Hb) 5 fil 2k £ [ (haptoglobin , Hp ) #£ i
Hb-Hp B &1, B W2 il i CD163 45 Hb-Hp &
AUREE LR M (Hb) W40 78 | 12 5 40 i
SEAYEE il BES AR AR AE L, AR s M
(Hb) 7] LL3@ 1 CD163/HIF-1a/ VEGF-A 3 &/~ S
BELL P I A5 A R0 o o R AR AT AN
T R0 = BE B R S, DT 3 AR TPH M A
HP R, BRI L B M (Hb) #l ) ROS 7K
Tk An A, ol 3m 3 35 £k PI3K/ Akt 38 B fie iF 1L-
10 ARG, P2 AP RB , BA%E As AR ER

L2128 2 MM 21 3 1 1 3 B2 4l s 4, IR A B
SIS, T BB P I 2T R L, E O, I
YU T AL B Y LDL, S 30 He P A0 I 15
TR, [V A 453 P9 R AR BE 2 5 A R af 41
B A I R B e P T i UL P S I 9 £
HEREHE RS ROS T LS BT e A 48 4 40 i 46
FE TN, AE As BEBPN S AL I i85 JE I
A EARE, N As FERPT S T XN ZL R 1
ANEAEF, BE B Py I 40 AT 7 I 20 2 )3T
Mhem V. %9 % 4k, 2% W % 38 53 35 /L ATF1/LXRB/
LXRa/ABCA1 Hilr, fig 2t 5 1w 40 g A JH 31 B2 20 HE , ik
LRI BT B, & FE AR PEAE S (R T
B P BRI B ) A X R B, ELACER AN
ARMERH 1E TPH & B BEHR A2 30E J] . H W] U Hb
FINIMLET 2R A 1 B0 B v 38 2 fin o 308 e P 484k 1 33



CN 43-1262/R " [E s fikalifb 44 it 2021 4F55 29 55 9 # 821

PEHEIAE SN EL As FEJFE T REH A B W 20 i 1) 3
AL 31 2 A DU A 7 1S 1l B0 B g o v e 4 o 2
YEM . SHRTATTE T2 R AT F AN T Hb Al
CLAR MR IR SR BE S P - T LA M | P B 40 i K
HAb A B REM 4 A AT B2 5 Hb il 21
BRI ST N G2 BT B G e 4 A LS A 4
PR HAE D R b ]
2.3 HiE
1981 4F, Sullivan 42 i 7Bk ABL, W HLIAREL

FRVRRAE A /K P23 G O I A8 AR 38 Tk ke =
WITTREAT SELSE As K JERIVER . MLLR TR M LR
ARl AR R o3 A IE 2 R | — AL Bk A
Fe™ ') AT AL OR N2 As & R I 3R
FUEO sk kAT AT B g 4 i AR R R o
P FESRAE S AR B A 2R AL M2 it As BEH K
JRUR i BB P 0 2k DA B A R R R A S
#k ( non-transferrin bound serum iron, NTBI) | Ifil £1. 2§
H el 21 % B2 X7 7, 7Tl 3 Fenton 1 Haber-
Weiss WAL ROS JE 8, 7 T 402 2E 35 B P4 g Jo 4
1k ox-LDL & B 75 3 B Wik 41 i 7] 762 UK 40 e 5%
6137, Vinchi 255 @ i A HE ApoE™™ FPN"“2 J)\
B, 3 /N BROEPR NTBIL 1o, 37 4 B Mk ok A
BRI FZ BB AT B ST, 45 R B, 50 IR A
FC, ApoE ™" FPN™“% /NG 3= 2l Jik i A5 5 B pA) o 45
W % A= K A ¥ ( vascular endothelial growth factor,
VEGF) . B 4% 40 it #2 1k 25 F ( monocyte chemotactic
protein 1,MCP-1) IL-6 FJEIRFEH F o( tumor nec-
rosis factor-a, TNF-a ) Z542 28 Rl 7 mRNA 7K |,

BB S, % /L, TR B 2R A XU $i
B, 2 2 (Hepeidin ) 52 — P 8 2 1Y £ ki
2l SRS s AL G, il & R
T 5 200 6 P AR A S I I 4 L 7 LA K 11
AbBRAD As BEHI & A R R TR OCHE D
EIAFFE B Li %07 52 & 30, 78 IPH X 37 7R 4k
P 2R BH R 2 R, B35 BRI ) B R 4 1L
6/STAT3 T8 BETE AR O, $ 7 Hh I BB b 77 e Bk 4
R R S E BUB RN, £ LRk, IPH 7]
IEE BESR VRERES AR k E ARU AT D R B e N A
I, IR & R S NE , DA T o 3 e ofi, 3k e o R, A
Xof A I BRE SR A B A 0 25 L A B4 R I 4 i
A AT BE A 9T H I BRE R ) A7 S5O A

3 B4Rt mBER A 1ER
1 A L 200 L ) T 2 0 4, B B A 2

JiL IR L A R UL 0 I 0 e A Y R T
PR, Ak 1 20 6 45 4 0 A S I B B v ) A
FHARLZ 9k & B0
3.1 EiZ4HHFNE LA

PR IE N As BESR S 3258 o o B
M R LA YR DY A AE As KR
EAZOVER 8 2 5 Ry &8 4 0E SN, I 32 B3 40 1l
Bryeb R TERFEBRIBCR , S Al ok R
ASTA] R 1 W 4 i I B 248 M1 Mox M4 %6 5 W 4
9 3 B 5 4 Wb IL-6 , IL-18 \ TNF-a Z242 & A 12
HEEESLE e . M2 BY A A e o A 10-10  10-4
MR RT3 I As BEHRGERE . Min Z: HF5E
A G LA 92 V0 1 I 200 i T 2 R A
M5 R, 8] M2 #E AL R BL R AN, b
S 2R 4R S Y i R B N RE IR B 4 i A M
(Hb) F1 Mhem 3 32 _I- /8 J5E 2 T B 4k 2 ds 2R A A 3%
KU A M N RS B BRI Y ROS K {2 i iR
JE AN, [ E 2F TL-10 4330 Il 21 22 i 48006 1 A9
B MR BE G Y I As BEHN I B
W, A LAZEZE BEBR IR R s Chang 252" & B, FL W40
Ji AR M 1 & AR Al i AXL/MERTK 3 % 4 5
AR WE D RE RGO, 5 )78 B i ok R B 268 1 H
B4, T IV 40 L 7 S ot RE e v 2 45 ) L3 2o 3% b AH
DI FE 3 v A AR WA A i — PR B
LAE S i B A AT DL A4k S AN [RISE AY  iAS ] S 24
AT A HEAR 98 sl 4 S VR, BRI 240 L 7y T 2
P, A AR BH L AR B As 19 R R T T
A WG ST B, PR i BES Y EvE A
FAVLACA P RENCNERE PSR i F 2T B
3.2 WMEZHH

T IR ELZH AR Bk U 24 i3 2 e 2 0 45 D BB A
As BEHRI R R R EEREZEAEN, IPH kA5, BEH
PR ES 40 B 1S i, H R AT, FEAS R B T R R
T ,CD4"T 21 M 75 S e v vl e 4k iy A [A] 32 A (Thi |
Th2 \Th17 \Treg) , i@ A2 & 4 K e i 5 1E H =
5 As AR RS CD8T T 4 MIHT As FIEL As
RESHEHARIE™ . B AIHETE As H5728 A9 /E W)
FEEAG W pE 2 BRIt Z 46, Zhou 4517 B 5T K
B & AR JE, Treg 40 M AT DL @ 3 IL-10/
GSK3b/PTEN #1155 W 20 fig 74 551 5% Ak , ¥l 54 i
MR R, SR, HET& 5 X IPH 5k
20 it S I BRI T A S R P A R AT SR B = i T
TRASRSE I I 20 B B4 4 T AT 32 6 i 9 38 % T
BEH A,



822 ISSN 1007-3949 Chin J Arterioscler, Vol 29 ,No 9,2021
3.3 fI4AAf INFEAZ T BURIRE SR A 98 5 7K -, DT 12 1 S0 B g

Leclercq 5" 80, H IfiL X 35 P Hp 407 400 Al
R S SC S A B, i B e Y AE A b e A
fi 55 MMP-9 £, H MMP-9 23k & 55 rpr ki 4
MuiE A ds bR 3Rk i B IE ARG, H AT AAE 2 R )
B, MMP-9 2 5 B He il 24 0 5 L 7214
I, IPH AR5, vk 40 i vT RE ad ad 73 3 MMP-9
Z 5B KA, BRI Z A, b v 20 i i A
[ B} X ( neutrophil extracellular trap , NET) 7] DL i3
TSR I A SN, R HE As #E S H NET 7 H
MEESR A A A5 ) BARAE FHIE 5 i — PR 5T . MAh,
WE TR 4 18 o B R W 4 i B Bl AR R
IO, A AT Ak Th2 2 40 i) 2 A S5 1oy " 5 g T M At
20 B PR PN B 0 L i PR S R AR As i
JUCY L ERT, RN BB AR B AR ST A A
70y AR R

4 In/hiRFE H i BEER A B4

BRELR A H 15 S50 SEH N Lk i FE 1 B R, A)
SR N A | £F 4k 2 I SORT HR PR 20 i 2R
U0 /N SRy SR R T Y TS B A IR, 2
5 As BESRI R A K o TR R I BEHUE iU 507 7E
I A AR I8 A LN AR AT DA 3s 55 43 T 3K
P AR RAE R - RIS A 5, A 2E 1l /N AR TE i A B 2R
B ORRRE AR I 98 T R 24 A I /N
7 AR — R iR BESE R B, W S
UK GRS 3 A 1 A8 ] B A7 7 it/ AL, 5 4k 19 i/ Al
SIREUWORE , SaokE 1 5 R As R BT, TN
i/ AT 4] XFRA CXC ¥R FER A 4 ( chemo-
kine C-X-C motif ligand 4 ,CXCL4) | A4 POJ&FR | 1L
BRI P75 o S AR IR o JB0RE
JRUARY CXCLA AT (it Rz 2 1e) 15 e 40 g 234 , 30
BRI FH AR 2 B 40 iS5 ox-LDL, AT 4iE 2 31
TR B I8 i, 38 3 B i ROS 175 3 P Bz 4 Jif 4
720 TR /R FT AR R fR A H 1 BEHR P 1
W 4 JHL 7 I, AT R s 2 L 3 o e R AR 2 1T B
K15 S5 A — AL R A = il MGA AT
D3 3k 97 +EL 200 A 1) 15 5 40 5 PN B 400 L A, 52
M) YL DR 240 B TS 1, 98 AR 5 R 48 B 1% 1% Ak | 43 Ak AN
PATS S B RR E MESY A il /NRR R g i
TEFRAZARA 5 LDL JUR Y 7% 45 B | N 7 52 T 24
e Py JIELFE AR 0T Pl O e O A Y B R
/N I A 7 SRR P A 240 ) 2 R 5 e B e Y

JE L BRE R A 1 48 i ) A A AR 4 S s 5K
XA EBEHR IR S 2 1 I 22— I, R 5T
HLBRESR P 48 6 1) R 5 A R T B B J 4 5 i Al
W,

5 R OE

KA FEREf TPH 32 80K & 1M % 53 i A B
eoh, o B0 e o £ 240 B | i /DN A B A M 24 B 4 i
WA A K i R, 5 B e P 1) R E R I R AR Ak
WOKSE- T, (il P4 T 35 M PR 5T 1 BUIR SE A% 0
PR EETAMIE T LR R SE A R G R AR
A BEHOE L 5 RSO 16 4SS BRI K S
VB RRE N HRTXTPT As BUPIRNIEATA YT R m
SRIAT, H X T A i B B 1 A 2 B0 I 8 3K
F2 U7 BEE Y AT BE AT AR BR R AE LA SN Y A
LIS 5 Bk e . B N 2 AR 28 1Y i A2 mf
SN BELR N 98 0E N | A Jo Ak B AR Ak B EOIRA
PR, R B PR A PT BE R IPHL B A SR YT
FEY, TPH 33 As BEH It A HLEEAF 58 £ 22 L
1587 —Emyit L ARV 2 098 25 1 5 Bk 22
PR WEATRST I BE B i Ji i) 13 AT e R A 55
B ARAGIT I BE B ) A R ) R T B it
PRI IR AT AT HE A5

[ &% 3Hk]

[1] Teng Z, Sadat U, Brown AJ, et al. Plaque hemorrhage in
carotid artery disease: pathogenesis, clinical and biome-
chanical considerations [ J]. J Biomech, 2014, 47 (4) .
847-858.

[2] Ture G, Oppenheim C, Naggara O, et al. Relationships be-
tween recent intraplaque hemorrhage and stroke risk factors
in patients with carotid stenosis: the HIRISC study[J]. Ar-
terioscler Thromb Vasc Biol, 2012, 32(2) ; 492-499.

[3] Zhao G, Tang X, Tang H, et al. Recent intraplaque hem-
orrhage is associated with a higher risk of ipsilateral
cerebral embolism during carotid artery stenting[ J|. World
Neurosurg, 2020, 137 €298-e307.

[4] Schindler A, Schinner R, Altaf N, et al. Prediction of
stroke risk by detection of hemorrhage in carotid plaques:
Meta-analysis of individual patient data J]. JACC Cardio-
vasc Imaging, 2020, 13(2 Pt 1) . 395-406.

[5] Liu Y, Wang M, Zhang B, et al. Size of carotid artery in-
traplaque hemorrhage and acute ischemic stroke: a cardio-

vascular magnetic resonance Chinese atherosclerosis risk e-



CN 43-1262/R " [E s fikalifb 44 it 2021 4F55 29 55 9 # 823

valuation study [ J ]. J Cardiovasc Magn Reson,2019, 21
(1). 36.

[6] Saba L, Micheletti G, Brinjikji W, et al. Carotid intra-
plaque-hemorrhage volume and its association with cerebro-
vascular events[ J]. AJNR Am J Neuroradiol, 2019, 40
(10) . 1731-1737.

[7] Kolodgie FD, Gold HK, Burke AP, et al. Intraplaque
hemorrhage and progression of coronary atheromal]J]. N
Engl J Med, 2003, 349(24) . 2316-2325.

[8] Lin H, Xu X, Lu H, et al. Pathological mechanisms and
dose dependency of erythrocyte-induced vulnerability of
atherosclerotic plaques[J]. J Mol Cell Cardiol, 2007, 43
(3):272-280.

[9] Wolf D, Ley K. Immunity and inflammation in atheroscle-
rosis[ J]. Circ Res, 2019, 124(2) . 315-327.

[10] Kattoor AJ, Pothineni NVK, Palagiri D, et al. Oxidative
stress in atherosclerosis| J ]. Curr Atheroscler Rep, 2017,
19(11) ; 42.

[11] Usman A, Ribatti D, Sadat U, et al. From lipid retention
to immune-mediate inflammation and associated angiogen-
esis in the pathogenesis of atherosclerosis [ J]. J
Atheroscler Thromb, 2016, 22(8) : 739-749.

[12] Tanaka T, Ogata A, Masuoka J, et al. Possible involve-
ment of pericytes in intraplaque hemorrhage of carotid
artery stenosis[ J|. J Neurosurg, 2018, 1-7. DOI:; 10.
3171/2018. 1. JNS171942.

[13] Suzuki E, Imuta H, Fujita D, et al. Endogenous interleu-
kin-1B is implicated in intraplaque hemorrhage in apoli-
poprotein E gene null mice[ J]. Circ J, 2018, 82(4):
1130-1138.

[14] Hermans M, Van Lennep JR, Van Daele P, et al. Mast
cells in cardiovascular disease: from bench to bedside
[J]. Int J Mol Sci, 2019, 20(14) ; 3395-3407.

[15] Lagraauw HM, Wezel A, Van Der Velden D, et al.
Stress-induced mast cell activation contributes to athero-
sclerotic plaque destabilization [ J]. Sci Rep, 2019, 9

(1) 2134-2141.

[16] Leclercq A, Houard X, Philippe M, et al. Involvement of

[

intraplaque hemorrhage in atherothrombosis evolution via
neutrophil protease enrichment[ J]. J Leukoc Biol, 2007,
82(6): 1420-1429.

[17] BRIEFT, RITIK, 223636, . LLANMITE S MY sk AR BEER
RAEP NF-kB 3 X MHLHIOF [T ] AR K=,
2011, 47(9) : 13-15.

[18] Michel JB, Martin-Ventura JL. Red blood cells and he-
moglobin in human atherosclerosis and related arterial dis-
eases[J]. Int J Mol Sci, 2020, 21(18) : 6756.

[19] Tziakas D, Chalikias G, Kapelouzou A, et al. Erythrocyte

membrane cholesterol and lipid core growth in a rabbit

model of atherosclerosis: modulatory effects of rosuvastatin
[J]. Int J Cardiol, 2013, 170(2) : 173-181.

[20] Tziakas DN, Kaski JC, Chalikias GK, et al. Total choles-
terol content of erythrocyte membranes is increased in pa-
tients with acute coronary syndrome; a new marker of clin-
ical instability? [J]. J Am Coll Cardiol, 2007, 49(21) :
2081-2089.

[21] Tziakas DN, Chalikias GK, Stakos D, et al. The role of
red blood cells in the progression and instability of athero-
sclerotic plaque[ J]. Int J Cardiol, 2010, 142(1) . 2-7.

[22] Tziakas DN, Chalikias G, Pavlaki M, et al. Lysed eryth-
rocyte membranes promote vascular calcification[ J]. Cir-
culation, 2019, 139(17) : 2032-2048.

[23] Guo L, Akahori H, Harari E, et al. CD163" macrophages
promote angiogenesis and vascular permeability accompanied
by inflammation in atherosclerosis[ J]. J Clin Invest, 2018,
128(3) ; 1106-1124.

[24] Jinnouchi H, Guo L, Sakamoto A, et al. Diversity of
macrophage phenotypes and responses in atherosclerosis
[J]. Cell Mol Life Sci, 2019, 77(10) ; 1919-1932.

[25] Balla G, Jacob HS, Eaton JW, et al. Hemin: a possible
physiological mediator of low density lipoprotein oxidation
and endothelial injury [ J]. Arterioscler Thromb, 1991,
11(6) : 1700-1711.

[26] Gall T, Peths D, Nagy A, et al. Heme induces edoplas-
mic reticulum stress ( HIER stress ) in human aortic
smooth muscle cells[ J]. Front Physiol, 2018, 9(11):
1595-1620.

[27] Yuan T, Yang T, Chen H, et al. New insights into oxida-
tive stress and inflammation during diabetes mellitus-ac-
celerated atherosclerosis [ J ]. Redox Biol, 2019, 20.
247-260.

[28] Boyle JJ. Heme and haemoglobin direct macrophage Mhem
phenotype and counter foam cell formation in areas of intra-
plaque haemorrhage [ J]. Curr Opin Lipidol, 2012, 23
(5): 453-461.

[29] Gall T, Balla G, Balla J. Heme, heme oxygenase, and
endoplasmic reticulum stress-a new insight into the patho-
physiology of vascular diseases[J]. Int J Mol Sei, 2019,
20(15) : 3675-3697.

[30] Michel J-B, Libby P, Franck G. Internal bleeding; is in-
traplaque hemorrhage a decoration or a driver? [J].
JACC Basic Transl Sci, 2018, 3(4) . 481-484.

[31] 5K ff, BXULLE, 25 &, 45 FEWEA0 A gk Hepeidin-
Fpnl Bl XA SR REREAL RO VE T D ). o 2l fk A
1=, 2018, 26(9) : 946-952.

[32] Xiao L, Luo G, Guo X, et al. Macrophage iron retention
aggravates atherosclerosis: evidence for the role of autocrine

formation of hepcidin in plaque macrophages[J]. Biochim



824

ISSN 1007-3949 Chin J Arterioscler, Vol 29 ,No 9,2021

Biophys Acta Mol Cell Biol Lipids, 2020, 1865(2) : 158531.

[33] Wunderer F, Traeger L, Sigurslid HH, et al. The role of
hepcidin and iron homeostasis in atherosclerosis [ J ].
Pharmacol Res, 2020, 153 104664.

[34] Vinchi F, Porto G, Simmelbauer A, et al. Atherosclerosis
is aggravated by iron overload and ameliorated by dietary
and pharmacological iron restriction [ J |. Fur Heart J,
2020, 41(28) : 2681-2695.

[35] Agarwal AK, Yee J. Hepcidin[ J]. Adv Chronic Kidney
Dis, 2019, 26(4) : 298-305.

[36] Cornelissen A, Guo L, Sakamoto A, et al. New insights
into the role of iron in inflammation and atherosclerosis
[J]. EBioMedicine,2019, 47 . 598-606.

[37] Li B, GongJ, Sheng S, et al. Increased hepcidin in hem-
orrhagic plaques correlates with iron-stimulated IL-6/
STAT3 pathway activation in macrophages[ J]. Biochem
Biophys Res Commun, 2019, 515(2) : 394-400.

[38] Xu H, Jiang J, Chen W, et al. Vascular macrophages in
atherosclerosis[ J ]. J Immunol Res, 2019, 2019 4354786.

[39] Barrett TJ. Macrophages in atherosclerosis regression[ J ].
Arterioscler Thromb Vasc Biol, 2020, 40(1) . 20-33.

[40] Min H, Jang YH, Cho IH, et al. Alternatively activated
brain-infiltrating macrophages facilitate recovery from col-
lagenase-induced intracerebral hemorrhage [ J ]. Mol
Brain, 2016, 9. 4201-4210.

[41] Kojima Y, Weissman IL, Leeper NJ. The role of efferocy-
tosis in atherosclerosis[ J]. Circulation, 2017, 135(5) .
476-489.

[42] Chang CF, Goods BA, Askenase MH, et al. Erythrocyte
efferocytosis modulates macrophages towards recovery after
intracerebral hemorrhage [ J]. J Clin Invest, 2018, 128
(2) . 607-624.

[43] Herrero-Fernandez B, Gomez-Bris R, Somovilla-Crespo
B, et al. Immunobiology of atherosclerosis: a complex net
of interactions [ J]. Int J Mol Sci, 2019, 20 (21):
5293-5338.

[44] Van Duijn J, Kuiper J, Slutter B. The many faces of
CD8" T cells in atherosclerosis[ J ].
2018, 29(5) : 411-416.

[45] Srikakulapu P, Mcnamara CA. B cells and atherosclerosis
[J]. Am J Physiol Heart Circ Physiol, 2017, 312(5):
1060-1067.

[46] Tsiantoulas D, Sage AP, Goderle L, et al. BAFF neutral-

Curr Opin Lipidol,

ization aggravates atherosclerosis[ J]. Circulation, 2018,

138(20) ; 2263-2273.

[47] Zhou K, Zhong Q, Wang YC, et al. Regulatory T cells a-
meliorate intracerebral hemorrhage-induced inflammatory
injury by modulating microglia macrophage polarization
through the IL-10 GSK3b PTEN axis[ J]. J Cereb Blood
Flow Metab, 2016, 37(7) : 967-979.

[48] Johnson JL. Metalloproteinases in atherosclerosis[ J]. Eur
J Pharmacol, 2017, 816(9) : 93-106.

[49] Zeigdy, 22380, M BF. oMk g i o B BE e )
Jok R AE At J R B PR T [T ], v e sl Tk At Al e
2017, 25(6) : 635-639.

[50] Schwartz C, Eberle JU, Voehringer D. Basophils in in-
flammation[ J ]. Eur J Pharmacol, 2016, 778(8) : 90-95.

[51] Mackman N. Eosinophils, atherosclerosis, and thrombosis
[J]. Blood, 2019, 134(21) . 1781-1782.

[52] Huo Y, Schober A, Forlow SB, et al. Circulating activated
platelets exacerbate atherosclerosis in mice deficient in apo-
lipoprotein E[J]. Nat Med, 2003, 9(1) ;: 61-67.

[53] Badimon L, Suades R, Fuentes E, et al. Role of platelet-
derived microvesicles as crosstalk mediators in atherothrom-
bosis and future pharmacology targets: a link between in-
flammation, atherosclerosis, and thrombosis [ J]. Front
Pharmacol , 2016, 7(8) : 293.

[54] Lordan R, Tsoupras A, Zabetakis 1. Platelet activation
and prothrombotic mediators at the nexus of inflammation
and atherosclerosis; potential role of antiplatelet agents
[J]. Blood Rev, 2020, 78(3) : 454-466.

[55] De Meyer GRY, De Cleen DMM, Cooper S, et al. Platelet
phagocytosis and processing of (-amyloid precursor protein
as a mechanism of macrophage activation in atherosclerosis
[J]. Circ Res, 2002, 90(11) : 1197-1204.

[56] Lievens D, Von Hundelshausen P. Platelets in atheroscle-
rosis[ J]. Thromb Haemost, 2011, 106(5) : 827-838.

[57] Sun J, Underhill HR, Hippe DS, et al. Sustained accel-
eration in carotid atherosclerotic plaque progression with
intraplaque hemorrhage [ J].
2012, 5(8) . 798-804.

[58] Mujaj B, Bos D, Muka T, et al. Antithrombotic treatment

JACC Cardiovasc Imaging,

is associated with intraplaque haemorrhage in the athero-
sclerotic carotid artery: a cross-sectional analysis of the
rotterdam study [ J]. Eur Heart J, 2018, 39 (36):
3369-3376.

(LSO )



