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[ Abstract )

The atherosclerotic plaque healing process after plaque rupture is of great significance to clinical results. Plaque healing

can prevent the further development of thrombus and avoid the occurrence of acute cardiovascular events. However, repeated plaque

healing can also cause chronic vascular stenosis. Plaque healing can be divided into three stages: thrombolysis, granulation tissue

formation and vascular re-endothelialization, which are also affected by various local and systemic factors. With the development of new

imaging techniques, the research on plaque healing is getting deeper, and many treatments for plaque healing are being used or studied.

[ Key words)

coronary atherosclerosis ; plaque healing;optical coherence tomography

This work was supported by National Natural Science Foundation of China(81970443,81671731).

Corresponding author: GAO Lei, E-mail; nkgaolei2010@ 126. com

o At X B Bk o 4 A8 4L (atherosclero-
sis, AS) BEH 1 0F 58 — B R B AR SRS 7 A B
AN M AW A A R VF 2 B R SR b g
g\ BB, MR 51 20k R 2 ik 25 A A (acute
coronary syndrome , ACS) , FRATHE X — i B2 Fk Sk BT B
WA Bl B TR B BRI NSRBI & R, T
HE A HER M = 062 AT W2 F 4 (optical cohe-
rence tomography , OCT) "> | B B i & 4% I\ n] e 7E
AS KRR SCHEME FHTY o AR SCREAR I T 4 SR B B
A R OB E R, 0 BEH AT i R B
2 SRR G IRIGITE 2538 .

1 # =

AS BEHUAL A R BEHL M sz th 5 kAR B A
AR, TR AR MR B, AR E BB &, IR A2 I A
(RSB 20 BB b 1 22 Bl 432 ek i, L A4S 1ot
MR AR | R 2R 20 SUE BRI I 8-k P 2 4B 45 A= B
s EEA . 2021-06-27; #FHHEA: 2021-08-30

EEWB . FRHAPHEE (81970443 ,81671731)
EIS1EE . =74, E-mail: nkgaolei2010@ 126. com

I, P AR K B ACS KA

RANBEHAA, 7B S FaE X B ¥, B
Pofae Rt FRIE TR ST B (R Ik B A R W A B
el 28 AL AN A0 BE B 0 5% Ak, DT 0 B 2 0 B e
KRR RS WL 2GR TR E B n] R
ACS BAZ WD SR

2 fRIEBRI

BEHe@m A FEAEHE LT =ABr B,
2.1 MiERHE

BEH i 24 B4R DS 7 B0 AR M 9 5 (W3R BE
s EF 4B ) W, I /N e i 450
A AL S R AR | TR R I 7S I Y A B I PR 5 I
PR R 0B s ot 33 TR M T v R 48 L R AL
) PR 27 75 2R 40 v, S w4 1 0 o ik & — 3% R
(A T FR o B A OE 2T 4k 2 [ A i, DT I i
1 SRR



MR ZARLZONEPORZGE 20246 H 28 H 4521 % %5 6 ] Chin ] Mult Organ Dis Elderly, Vol.21, No.6, June 28, 2022 - 457 -

2.2 AZFARFR

S A4 A ( smooth muscle cell , SMC) I3 %E A
TR IE AS BESALG I OGP, A R BRI,
R T BERAL SMC #3458 5 B2 L) K SMC M Jay 7 i
EREM BRI R Pk 3 S L R AN M A A R
¥ 1o FRIBHG AR 5B BEAT AR SMC AH 40 i M il
PEERR T HLDO ) B A () SMC MK VKA R SR AN
WARVEE s, A= il i i) AN RE T, T R A ZFEH 2
2.3 mMEBRARK

MPEHGE ARG T, T AR g i A I A
T, A 8 PN R A i 7 i T B B SR T, F U B2 Ak
R,

B Yy G ik A5 AT DA BH 1k BREH e 24 0 P &
B2 30 O AR BESR G218 & /e Sl £ Ae vk A2
SEEE WA . BAREG I FRAS B T
PP TSR R A (LI A B S M R A
DR B R 1) B B A7 £ A RE R Ik B B G 1 DR 4 R
T G BEHA A i R AR OR & ACSP X
I AER RS A B BAR U E L Anfar BE B
IEATE R MR E ACS 77 A, SRk [R]— R L S 2
WA LIENE EA 4, SEOE AT E ET —
A R A A TR [R]

3 HmEZE

3.1 RIESERMEMERL

RIECHAESE S AS BEERIE s VIA 56, H %
SE SR G RIEATIM,, hiGfen 1 BGHB)
T (type 1 helper T,Thl) 20l 73 WA THLE v, AT LA
Pl SMC 7™ A= ] 5 i J5L, T4 il SMC A& 52 21 2
BRI SRR R R 7, Th 20 BT W5 20 i
V] PR B A T o D ) 7™ A G i I 4 T
B 1.8 13 45 e ATTAE Ik [R]BT e S 43 i, il
SGEF4Eng

E VR AE AS i N 2 AR b, TE
Th2 21 Jifd fish % 15 035 448 Jid 1) M2 5 Ik 440 i 19 4 £
M2 EWEZHIIBN A R T DG, 77 AR AR 4R 4k Ak
HF, e/ A s BREAE R 1 b K
-, 2 E SMC 11 B AN 5L, e Jit = A= 3 £
M2 AT A (i 0F 98 i 40 () R T, R e ) T 58
P e B RIEN M, FaGdBEl, M2 E
W 200 AR T B30 3 o o 400 e 4 A R LA SMC g
PORALUEBEHAS AL, Ry B b AR AL
3.2 NERFEMEEM

— T TR A A1 OCT ot won™ . 5K

RS RE MO 209 (long-standing stable angina pectoris,
1s-SAP) A HHLL , B & M 2 e K25 & 1iF (recurrent
acute coronary syndromes ,rACS) B BEHIAZ KA
REETR, HL A BRI A B A A i N s P iy A ) 47
& ARG AR K B S BOH A 4
FEAEME LA S e T, A IR A B0 BB o
BEEANR AL A AR LA A E IR
Yoot RIRAERZ ORI BER G A 52 At X ) I 45
27 TCE TSR A AU JEURER PR AL, B
P A R

FERI

UEAERE B I N AR BOR R 2l A e Tl T
KELT AS BEHIIE A2 RHERTSE .

WMAEWBEIRTE OCT Hilw W EA 1 B Z)2
ABESR  BA ARG B, O 5 /8 BE AT WA Y
FERR, BUZARBESL ) 7E 29%F0H WA ACS I
A, =or 2 —HA 2 R TR A R IR IAE B
FRAGRLL AU ZE S0 (g ACS F P WL 22
BEVSE 7R 1200 78 B AL WG K Az it 22 U A BRE R B¢ 0% i
G, HRERYAA L, 222 0 5 9 A4
JEMeAE A A AL K B A R R AR 2R R R
RgpEge '™ EARBEHARDAE rACS f 3 P bk
KB, MAE 1s-SAP B F i KA =02 — BB H
AT LA SR B SR BEER | B A (AT 5 B i 4
%) S0 FT BE S R A i 284 B B ) ) SC B, AR R
PRI R AN 2R A 2 0 s R AR AR SR AU 1Y
TH 2T 4 i ops FE A AL KE B ( thin-capped fibroatheroma ,
TCFA) ARRSLIM A BES L AR i A8 REHR i 244K
I Ay R BEH AR 43 J2 B R 5 22 (1
JRiEHE B £ TCFA FIE 2 5 I 40 i3 0 0 $7R
O JEBEPATEE L B e HR AR R S

UBEH B BN WL, BEH v IR FEAZ O i A
A SR MAT, W2 % A2 ACS, OCT W] UL i 4 A
BB ARSI BEP P AEAE 23 R, AT DL A e, H.
B PN R A 2

5 &8 Ir

5.1 BERgIRE

LM K ER BB A= IR IR BT AS B
25 7« FRIR IR B R AR T 2L 0 4 ) 28 1 i 1 2K
FAK G | SN T B 2T 4 N £ ) e D A
FITFBEH A A P 4R 4 B 2R TR ) 38 T FRAIG
HAYUN Ty FR AR

4 B



<458 - MMEARZINEYIRZAGE 202456 H 28 H 521 % %564 Chin J Mult Organ Dis Elderly, Vol.21, No.6, June 28, 2022

5.2 B&BRiATr

AR TR i B 5E R AR TE AS BEHLR B s
> AABEHLS S T REAE ACS I BEH L G rp i A A
VEF R ) 2 & Mg Jo 1) 30 B2 184 hin B e e 22 I
G2 TEREZ R AL TT VAT I ST Brdh s AL AL
REFE A BRI AL 2 v, e/ NET AE MR 52 35 1
i, AT UL £F 4 i 95 4 i 4k B B ( thin-capped  fibro-
atheroma ,TCFA) fi] LAl B e e B A Al
5.3 MRAY

WEWMIREEIEIHR Y (AN R -18
FEHUR, BOKANGR) 16 AS 167 H A B RUR P
FRcUT ) —JOUIT 5 2 B AR B BROK Al ) T s
AS BEH TS 2 RRAE B IS e (i BE B e A7
Il BEBR AT I R 7 Y AR AE PR 1 iV T, £ it ke ke
e
5.4 HENETHE

— BB IR T L RUEAE AT TS . CD31 3 Eh
FS2T FM LT (At MR R 0 R S
TR AR ) (B 2 A0 fih 2 32 1k 1) S tE
TEBES A G P AR ) TS IEAE E T v

6 HitFRE

JUAEA G AS BEBLAY ™ A2 S HR AR E YL 2
ZRRAF— L NIRAT A RE | (HLFAT TR 5 B3 R Bk
WAL RA CREIT IS AS B if B %508 R
W T AR K i, BER A BT ST B 15— K
A ORI AR e g AS REBR Y R4 AT LA T B
e S e SR A A IR R AR Z ik
PEV AT & R AR AT ML

[ &% k]

[1] Virmani R, Burke AP, Farb A, et al. Pathology of the vulnerable
plaque[ 17. J Am Coll Cardiol, 2006, 47(8 Suppl) : C13-18.
DOI. 10. 1016/j. jacc. 2005. 10. 065.

[2] Ziada KM, Misumida N. In Vivo identification of healed plaques in
culprit lesions: is what we're seeing really there? [J]. J Am Coll
Cardiol, 2019, 73 (18) . 2264 —2266. DOI. 10. 1016/]. jacc.
2019. 03. 023.

(3] Burke AP, Kolodgie FD, Farh A, et al. Healed plaque ruptures
and sudden coronary death; evidence that subclinical rupture has a
role in plaque progression[ J]. Circulation, 2001, 103(7) : 934-
940. DOI; 10. 1161/01. cir. 103. 7. 934.

[4] Jia H, Abtahian F, Aguirre AD, et al. In vivo diagnosis of plaque
erosion and calcified nodule in patients with acute coronary

syndrome by intravascular optical coherence tomography[J]. J Am

Coll Cardiol, 2013, 62 (19). 1748 -1758. DOI. 10. 1016/].
jacc. 2013. 05. 071.

[5] Libby P, Pasterkamp G, Crea F, et al. Reassessing the mecha-
nisms of acute coronary syndromes[ J]. Circ Res, 2019, 124(1) .
150-160. DOI; 10. 1161/ circresaha. 118. 311098.

[6] Bentzon JF, Otsuka F, Virmani R, et al. Mechanisms of plaque
formation and rupture [ J]. Circ Res, 2014, 114(12). 1852~
1866. DOI; 10. 1161/CIRCRESAHA. 114.302721.

[7] Okafor ON, Gorog DA. Endogenous fibrinolysis: an important
mediator of thrombus formation and cardiovascular risk[ J]. J Am
Coll Cardiol, 2015, 65(16): 1683 -1699. DOI. 10. 1016/].
jacc. 2015. 02. 040.

[8] Smith F, Fowkes F, Rumley A, et al. Tissue plasminogen activator
and leucocyte elastase as predictors of cardiovascular events in sub-
jects with angina pectoris: Edinburgh Artery Study[ J]. Eur Heart
J, 2000, 21(19) : 1607-1613. DOI; 10. 1053/ euhj. 2000. 2127.

[9] Bentzon JF, Weile C, Sondergaard CS, et al. Smooth muscle cells
in atherosclerosis originate from the local vessel wall and not circu-
lating progenitor cells in ApoE knockout mice [ J]. Arterioscler
Thromb Vasc Biol, 2006, 26(12) : 2696-2702. DOI: 10. 1161/
01. ATV. 0000247243. 48542. 9d.

[10] Massberg S, Konrad I, Schurzinger K, et al. Platelets secrete stro-
mal cell-derived factor lalpha and recruit bone marrow-derived
progenitor cells to arterial thrombi in vivo[ J]. J Exp Med, 2006,
203(5) : 1221-1233. DOI; 10. 1084/jem. 20051772.

[11] Ministrini S, Carbone F, Montecucco F. Updating concepts on
atherosclerotic inflammation ; from pathophysiology to treatment[ ] ].
Eur J Clin Invest, 2021,51(5) ; e13467. DOI; 10. 1111/ eci. 13467.

[12] Bick M, Yurdagul A, Tabas I, et al. Inflammation and its resolu-
tion in atherosclerosis : mediators and therapeutic opportunities[ J].
Nat Rev Cardiol, 2019,16(7) : 389-406. DOI. 10. 1038/s41569-
019-0169-2.

[13] Jinnouchi H, Guo L, Sakamoto A, et al. Diversity of macrophage
phenotypes and responses in atherosclerosis [ J]. Cell Mol Life
Sci, 2020, 77(10): 1919-1932. DOI: 10. 1007/500018-019-
03371-3.

[14] Vergallo R, Porto I, D'Amario D, et al. Coronary atherosclerotic
phenotype and plaque healing in patients with recurrent acute coro-
nary syndromes compared with patients with long-term clinical
stability: an in vivo Optical Coherence Tomography Study [ J].
JAMA Cardiol, 2019, 4(4) : 321-329. DOI; 10. 1001/jamacar-
dio. 2019. 0275.

[15] Brezinski ME. Comparing the risk factors of plaque rupture and
failed plaque healing in acute coronary syndrome[ J]. JAMA Car-
diol, 2019, 4(4): 329-331. DOI: 10. 1001/ jamacardio. 2019. 0312.

[16] Brezinski M, Willard F, Rupnick M. Inadequate intimal angioge-

nesis as a source of coronary plaque instability; implications for



MR ZARZONEPRZAGE 202486 A 28 H 4521 % %56 4 Chin J Mult Organ Dis Elderly, Vol.21, No.6, June 28, 2022

- 459 -

[17]

[19]

[20]

[21]

[22]

[23]

[24]

healing[ J]. Circulation, 2019, 140(23) . 1857-1859. DOI: 10.
1161/CIRCULATIONAHA. 119. 042192.

Fracassi F, Crea I, Sugiyama T, et al. Healed culprit plaques in
patients with acute coronary syndromes[J]. J Am Coll Cardiol,
2019, 73(18) ; 2253-2263. DOI:; 10. 1016/]. jacc. 2018. 10. 093.
Wang C, Hu S, Wu J, et al. Characteristics and significance of
healed plaques in patients with acute coronary syndrome and stable
angina; an in vivo OCT and IVUS study[ J]. Eurolntervention,
2019, 15(9) : e771-e778. DOI; 10. 4244/K1J-D-18-01175.

Dai J, Fang C, Zhang S, et al. Frequency, predictors, distribu-
tion, and morphological characteristics of layered culprit and
nonculprit plaques of patients with acute myocardial infarction: in
Vivo 3-Vessel Optical Coherence Tomography Study [ J]. Circ
Cardiovasc Interv, 2020, 13 (10): e009125. DOI; 10. 1161/
CIRCINTERVENTIONS. 120. 009125.

Russo M, Kim HO, Kurihara O, et al. Characteristics of non-
culprit plaques in acute coronary syndrome patients with layered
culprit plaque[J]. Eur Heart J Cardiovasc Imaging, 2020, 21(12):
1421-1430. DOI; 10. 1093/ ¢hjci/jez308.

Hougaard M, Hansen H, Thayssen P, et al. Uncovered culprit
plaque ruptures in patients with ST-segment elevation myocardial
infarction assessed by optical coherence tomography and intravas-
cular ultrasound with iMap[J]. JACC Cardiovasc Imaging, 2018,
11(6) : 859-867. DOI: 10. 1016/j. jemg. 2017. 03. 019.

Aikawa M, Rabkin E, Okada Y, et al. Lipid lowering by diet
reduces matrix metalloproteinase activity and increases collagen
content of rabbit atheroma: a potential mechanism of lesion stabili-
zation[ J]. Circulation, 1998, 97(24) . 2433-2444. DOI. 10.
1161/01. cir. 97. 24. 2433.

Jeanpierre E, Le Tourneau T, Six I, et al. Dietary lipid lowering
modifies plaque phenotype in rabbit atheroma after angioplasty: a
potential role of tissue factor[ J]. Circulation, 2003, 108 (14):
1740-1745. DOI; 10. 1161/01. CIR. 0000089370. 84709. 51.
Jaross W, Neumeister V, Lattke P, et al. Determination of choles-

terol in atherosclerotic plaques using near infrared diffuse reflection

spectroscopy[ J ]. Atherosclerosis, 1999, 147 (2). 327 -337.

[25]

[26]

[27]

[29]

[30]

[31]

[32]

DOI: 10.1016/50021-9150(99)00203-8.

Raber L, Koskinas KC, Yamaji K, et al. Changes in coronary
plaque composition in patients with acute myocardial infarction
treated with high-intensity statin therapy (IBIS-4) . a Serial Opti-
cal Coherence Tomography Study[ J]. JACC Cardiovasc Imaging,
2019, 12(8 Pt 1): 1518-1528. DOI: 10. 1016/j. jemg. 2018.
08. 024.

Tardif JC, Kouz S, Waters DD, et al. Efficacy and safety of low-
dose Colchicine after myocardial infarction[ J]. N Engl J Med,
2019, 381(26) : 2497-2505. DOI; 10. 1056/NEJMo0al912388.
Vaidya K, Arnott C, Martinez G, et al. Colchicine therapy and
plaque stabilization in patients with acute coronary syndrome: A
CT Coronary Angiography Study [J]. JACC Cardiovasc imaging,
2018, 11; 305-316. DOI; 10. 1016/j. jemg. 2017. 08. 013.
Andreata I, Syvannarath V, Clement M, et al. Macrophage CD31
signaling in dissecting aortic aneurysm[J]. J Am Coll Cardiol,
2018, 72(1) : 45-57.DOI:; 10. 1016/]. jacc. 2018. 04. 047.
Caligiuri G. CD31 as a therapeutic target in atherosclerosis[ J].
Circ Res, 2020, 126(9): 1178-1189. DOI; 10. 1161/CIRCRE-
SAHA. 120. 315935.

Ouimet M, Ediriweera H, Gundra U, et al. MicroRNA-33-
dependent regulation of macrophage metabolism directs immune
cell polarization in atherosclerosis[ J]. J Clin Invest, 2015, 125(12) ;
4334-4348. DOIL: 10. 1172/jci81676.

Saha B, Bruneau J, Kodys K, et al. Alcohol-induced miR-27a
regulates differentiation and M2 macrophage polarization of normal
: 1950),
2015, 194(7) : 3079-3087. DOI: 10.4049/jimmunol. 1402190.

human monocytes [ J]. J Immunol ( Baltimore, Md.

Huang Z, Luo Q, Yao F, et al. Identification of differentially
expressed long non-coding RNAs in polarized macrophages [ J].
Sci Rep, 2016, 6. 19705. DOI; 10. 1038/srep19705.

Huynh K. Atherosclerosis; TREMI in atherosclerosis development[]].
Nat Rev Cardiol, 2017, 14(2) : 67. DOI: 10. 1038/ nrcardio. 2016.
221.

i2)

5
T

(%3,



