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Research advances in cellular pyroptosis and neovascularization in atherosclerosis
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[Abstract] Neovascularization is the process by which endothelial cells generate new capillaries in the form of sprouting or
nesting on the basis of the original microvessels through proliferation, differentiation and migration. Neovascularization within
atherosclerotic plaques can seriously affect the stability of plaque,and inhibition of intra-plaque neovascularization has become a
new direction on the prevention and treatment research of atherosclerosis. During the process of cellular pyroptosis, the
activation of inflammatory factors affects the function of endothelial cells and promotes the formation and remodeling of the
neovascular lumen. And the formation of new blood vessels exacerbates the inflammatory response by altering environmental
factors such as oxygen partial pressure and nutrient supply, driving further development of atherosclerosis. Therefore,
pyroptosis and neovascularization are closely related to each other,and this article reviews the relationship between the two,
with a view of providing new ideas for the treatment of atherosclerosis.
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X AS W76 BA B I R L
1 HEET
1.1 @k

M FE T PR A0 M R AL IR AL, S — FhoE K B
AT 3 e R 1 R A F R By e g 1
(cysteine aspartate specific protease-1, caspase-1)
R R 1Y) 200 AR PR SE T O 5. AN TR T AN i O T
R WE, AT AR B0 A SRR AE S . 4
BT 2 MO R LB MIEETE S
WA, RAE/ME R B Z AR R R
BRHEMH RS M ZIKREA 3 (nucleotide
binding oligonucleotide binding domain like recep-
tor protein 3, NLRP3) & fix % WL M 48 i /D 1A,
NLRP3, JHT-# LB S HE H (apoptosis-associ-
ated speck-like protein containing a caspase-re-
cruitment domain, ASC) Fl caspase-1 £H %% i, NL-
RP3 RAE/NAE, WEIEHET-H A D (gasdermin D,
GSDMD), 71 40 M 5% 5 £, 20 0 Bb k. i 2R,
PR AR A AR T, KB B A A R -18 (in-
terleukin-18, IL-13) I [ 41 i /- &-18 (interleu-
kin-18, TL-18) . fil 2 Ja Z4 ¥ 4 i B i . AF 42
AR &3 3 caspase-4/5/11 B ¥E ELHE fil & 40 i
0. ALY caspase-11 AT LUl i 5 % GSD-
MD 20 ffg 5 LB B, T HL G BE G i iz % R R H-1
(pannexin-1) /= % & M #f (adenosine triphos-
phate, ATP) /EENWSfE & T il B A 7 24k (P2X
purinoceptor 7, P2X7) @ . /% NLRP3/ASC/
caspase-1 TG, 2 TL-18 MCBFIREL . 15 5 40 L
RIEF N . WAk, caspase-3 i fEE i 2% B 5 it
A& (hydrogen peroxide, H,0,) %5 MK
WERRCLARME (HOC2) 4 IR T, X Bl 20 i fs 1
WHEFRAEJH TR AT
1.2 wmieAkceaEE
L2.1 fedififr-NER REMFEERN, WX
AS 52 5 N K2 4 e Cendothelial cell, EC) 4
SRRIEAL, el T 2% N T «B p65 WA
(nuclear factor kappa B subunit p65, NF-«kB p65)
Jr S NLRP3 % 5. il i 41 & 71 Bt £ BE R 6
(histone deacetylase 6, HDAC6) /NF-«B/NLRP3
OSSR R AT, SR, ATE

e gR3R o 8§

F1 % A0 T ity 5 A 7R 85 8/ kexin 9 B (proprotein
convertase subtilisin/kexin type 9, PCSK9) fg il
AN R C R JEE R &K% 1 (ubiquinol-cy-
tochrome C reductase core protein 1, UQCRC1) /
P4 (reactive oxygen species, ROS) i % i% S
ML N 2 40 M 45 T2, H PCSK9 5 NLRP3 4 4 /)N
P22 I 1) A ELAE B 8808 i — A IE RO B,
[F) 80K 2y 42 KE 2 o Al B AR B, 3X Ol AS Y WF 5 4 it
TR ARSI R £x 51 K Lok ik T ik R
i3, BRZ) NLRP3 S /MBS, 1 56 i ms i
IUNN4AEF 2 (ten-eleven translocation 2, TET2) /
BRI i 20 52 & R4k 6k B (succinate dehy-
drogenase B, SDHB) /ROS il 5% S I & P Kz 40
MEAET . A R SR BB Y G e Ty 2 I R i
SN, Wnt/B-#HEH (catenin) i@ #%5 NLRP3 £
SiE /A 22 ) 0 A7 AE TR A, AT LR R E R
N, BN LIRS, 225 ASZ MR E
Tz —, LSRR, G EAMKZIK
124 (G protein-coupled receptor 124, GPR124)
AT o G i . PR E NLRP3 SE /MA BT
GSDMD T2 {5 5 S, RIE T A 75+
20 4 Z1 364K miR-100-5p [R] FfE AT D43 i 32 3 B 1)
1 W TR T A B S B L R N R T T R 5%
RE SR . MIMTEEZE AS'™ . An 20 R B4 1Q 3T
GTP 3% # 1 1 (IQ motif containing GTPase
activating protein 1, IQGAP1), REE JH 5 £ ki fk
Tifg. #m EC G MM S HAET, XTHEN AS
PV FERL B2 0L T B R WA . 9 Ah, HAb A
Wi PR 2, U0 miR-125a-5p ZE W AE AN A 1o b & 5 25
—EfE .

12,2 ffldnpa g ro Rz S 4 A AR T A DG A
FWBFIE P, Zeng % K BL—Fh & A 0 B R ik
ALAE Y MCC950, J& NLRP3 485 /M A & B % 4%
PRI ), e B TR Y R A BT B 8 NLRP3,
ASC. FE&EHME-1. 1L-18. IL-18 Fl GSDMD iy #¥
PR, M AR IR B MR R E Capoli-
poprotein E, ApoE) #{Fr /N B A& 1k A% %5 B2 IR &
1755 0 N SR AZ 40 M i 5 48 &2 Chuman mono-
cytic leukemia cell line, THP-1) H1f NLRP3 %
i /IR R L 2 RS IR A MR T, IE LR AS
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PEHOI . B AT o2 W, 22 S0 2 1 4 )
FHIE A A 3 (serpina3) fEifit NF-«B (5 5 i
BAE AL B B . 3 AL R S RE A0 i R B Rk R
BAER: i 5 T H A (cemip) Al DL &
Wnt-B-catenin {55 # 8 15 AS i 2 VSMC
HAFE A A # s I/ M s -1 (thrombospondin-
1, Thbsl) Z 5% BEHIRFE A% O 09 T8 R A AE 5
Lum A B F IR 4 A= . B EH (secreted
phosphoprotein 1, SPP1) il i AS B ] ) 45
f£HY . I b, miR-33. miR-155., miR-200a 5
miR-181a, miR-16-5p 4 ¥ 7] Ll i #0 il NLRP3
RAE /IR S B K HE DT E v A0 A TR
TF 98 5 30 % B A 2 P B R AL AT DA 3o 9 4 NLRP3
RFE/IMEIE AL FN caspase-1 24 i Sk 310 4 20 Mo A2 172,
WhgE T AS 19 NLRP3/ &M% R HE T (mecha-
nistic target of rapamycin, mTOR) i@ {2 # H
WL HATHETEBT AS WAL B OK Al AR S R
WP NLRP3 RAE /M I . At C B E e T 4
RUBEAE AS i 42 T2 BRI o
2 MEME
2.1 hEHA

LA 7 A S 48 A 2 Ik BE TR BE B o O B B
M. 76 AS b fd, BEH AR 2, B %
B 2B K BT (vascular endothelial growth fac-
tor, VEGF) ., JUZF 4k 40 i 4= & 7 (fibroblast
growth factor, FGF) A4 & H T Chepa-
tocyte growth factor, HGF) Z&4E 1L A4 W A+ 47
WS Of AE R R AR, &R EC M. 7R H
Mg,
2.2 HEHANY AL
2.2.1 fRMEFERNEK ESHMEHELSEY
REZHFE P, B R AR R, 7E B EUIR S TR B
AE S F (hypoxia-inducible factor, HIF) fE
MBS EAE A KA F-1 Cinsulin-like growth fac-
tor-1, IGF-1) /#f f5 Bt UL B% 3 ¥ B (phosphati-
dylinositol 3-kinase, PI3K) /#& 1 i B (Ak
EREE AR
4y, BEMEIN VEGF Fik., AW ER, RS
—% LA (nitric oxide, NO) AT A, AT LI
P HIF-1a A1 VEGE AR 04 1058 A2 580, il 8 ik

strain transforming, Akt)
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£ AR K xS R AR R B AR
Hrp FEAFE LI [0 VEGF, /M4 K
K+ (platelet-derived growth factor, PDGF). Il
G (angiopoietin, Ang) %1, K/ FHE =
JERRE Cnfafe ¥, BREE] DIRFER. W
THEWEH K EMEKNF. Hh VEGF. Ang,
FGF. HGF 2 Hur#f s A si. VEGF F % it
M4 M B A K F Z K 2 (vascular endothelial
growth factor receptor-2, VEGFR-2) W5,
I PIBK R fff Akt kKA 8RR ML, F1& EC F# K4
MAE W% W, A5 VEGF-B 3K /N R
ORI g 3, 3 Rk VEGE-B fgfe it & &
b T P RS R M SR A A T R 0 T O
LN Y 35 . Ang W Z — Ang-2, Wil
1 22 R 1 B 37 /&-2  (tyrosine kinase with immuno-
globulin-like and EGF-like domains-2, Tie-2) ¥
S5G . W/b Y B N R R R PN R 40 6 A AR O
W it 20 M b & i (extracellular matrix, ECM),
HAT {2 VSMC 1T 7% R0 48 A K /e . Ri-
ela ZEMS FE— b % BUAR M Ang =22 6] B4 AH B/ T RE %
JAY Ang 15 5 0 145 AR B E R AE W) D RE . REAIR
RO OB A% R i A O T R LR B . R i
B A, IFRRARBE AR E M, 8T NO R
PEIR AR B 1k SR B P R v g LR O DLRE R S
48 E M B (matrix metalloproteinases, MMPs)
Y A0 M A LR ECML Y H 9 I A RE (Y S
P, 9280 % PR RS MMP1a B35 DA Bk 2k B0 fd 5 bk
H BRLUAZ 20 FfL R I A0 L P b, ApoE (—/
=) /NER 3 3 Bk A A R B B B > T 50 %0,
IEAh . FGE nf LA ECM 30 M4, H b s
WA 44 K F (basic fibroblast growth fac-
tor, bFGF) BB B ¥ EC B il 5 i 15 [ it
fit} . %t EC HA kM, HGF /5 —F EC H 25
ZAE A RO A L, WD RE L AT YAk
WIVER . HCAE 2 Bl P i 55 o 45 20E B, (0
AR FHLEM 15 i — 2P IR 5T

E 5% W0 B 2B IS R AH OG5 5 I Y B 5
ME 4B VEGE, JAK/STAT #l Notch il ##
Ah, Wnt/B-catenin il %t & B UF L RE S § EC %
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ISR I AE A LR -, O ek o s T i R ]
HH D1 (eyclin D) 45955 EC TR . 1-05R
B B % &k 1 (sphingosine-1-phosphate receptor
1. SIPRD) 2N IEAN . HFRERVF
L4 (smooth muscle cell, SMC) B-catenin
C-AKufa 5@ #E Slprl B FRIESINE V
SMC 1y SIPR1 &3k, REfEUE I, H R sh
Jik 454 f J5 B9 SMC 38 58 F B N BRIE L, I Ik 52
E7386 7E 3 YL B b m] il i B AR SIPR1 3K G5 48 42
AS BRDY eI AS BERRIARRE AS BEH
MY B, BE5E N 5Lid Kk B2 M Wnt/B-cate-
nin 15 538 B 5P H Dickkopf M15£8HE H 1 (Dickko-
pf WNT signaling pathway inhibitor 1, DKK1)
SR Bk AS FEG AL 2 S AR IF R E R O
JEF O fa B R 2R 2 0, b, i iE R is S
B RIRES 5 H (cell migration-inducing hyalu-
ronan-binding protein, CEMIP) 1 fg i i3 3 15 1%
. T VSMC 7E AS W3S 5 FIE R

HoAtn 25 A0 A R AR, JOBE AL IR T IR A1
A IR A B AT — & 902 1 R AR R AE . B
., #fk=xE (chemerin) EH—FPZ fE g i K+
REHI VSMC 3451 LA Ko 35T 5 ik 1A J6€ 34 A= A 5 8 1l
ERIE I N LT R TR S W A B ) B A
DB IR (3 E I 1 A il 1= 1 ) 10 T s e
(vascular cell adhesion molecule 1, VCAM1) k&
RIS A A s G AW «i2 (Gai2) WZ
WA ST T 4% K+ (nuclear factor of ac-
tivated T cells, NFAT) 7E EC Hid Rk ok i &
JE 8 145 . LincRNA-p21 5 miR-221 454 )5 fig
s SIRT1 B3Rk, HY 58 PCSK9 1) 2 L WEfL
miR-126 o] LU af i ¥ PISK/ Alet 38 % . % 74 20
L 14 5 AN TR AR
2.2.2 AT AR S AR R AR R I IR
BLAE ML H A M 2=, i/ B -1 (throm-
bospondin-1, TSP-1). # fb 4 K A -3 (trans-
forming growth factor-8, TGF-8). W K il %,
MMPs # iil 5. 1 /AR K+ 4 (platelet factor,
PF4), BFR b RATAEAKNE T M A s il X
T ST, M H ARG R AT DLk R A E-
R EIL, #idE bFGF W34, Ml EC
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B, B R A AR . SCERAR . MR-
(angiostatin-1) Ay /DEEH AT E M. JfE o NO
MM 3 A2 7 1k SR i PR 0 1R A0 UL ) R
it . T TSP-1EH ECM Hiy 3L g e s o, & —
ol PR U P o BT AR R R B DR il A AR R R
IS0 PR AN I 3 A Y A B BB iR VSMC Xt
PDGF Fir & nld i) 184 58 A E % Je i, — i TSP-1 5
AS A I I AR E & BL TSP-1 5 3 8 bk P9 fiE
JZIERE S FE MO, M TSP-1 A gL i AR
AS Gy B N i S AR R . i TGF-B1 508
A E A IR R Y H AL T OE R KPR RE
BEPE UEAR B 2, — LR IE 3 R0 2 5 3AT
ik, /N EBERZ R (microRNA) Al G HF 58 &
P, miR-126 BEM | VEGF i@ #% 19 i 8 45 K+,
miR-200 3@ i ¥ ) 11-8 A1 CXC P #afb A+ 1
(C-X-C motif chemokine 1, CXCL1) 43 i %7 i
A,
3 HAMETESNEFRENEEXR

B T i AR B A K R A R S T ki R AR
A, JRAE S L R AR S — B A Y RE
SR A TS . B AR I A A L 4 R TR R I
B T, AR R KR R R i A R i
PE, I P R R I 2 ) A AR, R il
R R SR 7R AS IR B, AR
B4, W EC, VSMC AR fE i %, 32 2% R
Pk BES 3R E T I R AR R T, A
FET R R ORI R RAE K 40 i 3 IR E TR o
(tumor necrosis factor-a, TNF-a). IL-18 %, ¥
I L 40 MR B AH B, BT RO AR I R E R A
LR VTR, SRR RA. EFY
R EC 2GR i & A I F, i VEGF,
bFGF %, fdi B3z i 4 vh (9 EC B0l L™ A4 8 B il
R fige 1055 8 L ECML, 8 5 EC & 431k, 5l
RIFetER) ECM UURRS JH 40 i i R4, Fe &8 i
BB RS, SR S &7 S o i
Sy F R ML O, R S RE N B IR R R AR
TRERAE RS AT, HiE— LB E sk,
T ) B B B AN R
3.1 mpn BT B A AN R

2t A T RE A 0 AR AE . AN M AR T R
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R S 2l EC % 3 R s s . 5l
RN R A SRR 2SI I A N e S & [ e
JSL ) 98 i 240 B 66 B N B A R . A HILTR 1 g, B
He o4 B 4 0 S I S B R T W A I A ok R
FEAE I A8 BT A AR T, A2 i A A= R i PDGE

TGF-B, FGF 4, #k A 7 40 M £ 125 & b E
LR o W, HLIX S A0 I 22 ol JR A O A BE Y 0 JUE

40 (cardiac progenitor cell, CPC) zf VSMC
(AN B R F MR, TE ARAE A 5 0 LA AR KR
R, CPC AT AE R 4 M Ab 4L (extracellu-
il T N 20 B S L AT R
B R ER T S R L A5 4 . CPC-EVs 2 1 W Bt
MEE T, W VEGF., Ang-1, i fEH T R E
HAI B E CEALH . B VEGFR-2 F Tie
2 2R AR I A B

0 M AR T o R b A G BE RRIAE S R B,
NLRP3 RAE /M, 11-8, TNF-a %5 th Al 2 5 5
M4 KA. Xie FUV RN KRBT P KRB, Ak 5t
P E B NLRPS, 1L-1B8 Al 1L-18 K 1 # ik /K F 1
0 i TR E B M R N R 2 R, IR SR T A A
Ifl B 4% 48 Mg (peripheral blood mononuclear cells,
PBMC) i) NLRP3 R it /MA 5 B B B 0 40 fd 12
8 R LA 8 R T A DG, TL-8 5 5 A o P L A
e S 3 B S0 e 3R I I 4 R ) NF-«B {5 5 5%
SHEME AS™TY . FOMEAN M A KT IL-1B8 @ ad [
53 STAT3 I NF-«B 4 3 (9 42 1f % 4E i VEGE-
A K5k, [ RE Rl A HE AR 3 10 A BUPE Y . TNF-
S BT TTIZ 0 A W A 0 I 22 D) RE R T AN i A
¥, 75 AS W RE T o R HEHBOREE R, GSDMD
X TNF-a 5 5 VSMC 170 Ang-2 i % A9 1L
IR B R,
3.2 fFH AR TR

AR I A AN A BE R R IR S —
@%%% o SCRERR TR O T IR R A AR O
A SR A Gy WA B 43 T AR E A0 MR fb,
@E%%m Il AR RE A BT RE JOF ] R R
BT, 7E AS o B, BEH N BT AR A I R R
JiE 20 A N B M 4 4 SE G, 4% RF 40 AR S BE B
BB B A A, R 4 W MMPs Bk . TH
FEXT B R E VA R A T B 2F i iR . (6 2F 2 iR

lar vesicles, EVs)
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RSSO B B 2 KU . A S &

B, TEAR M AE A B K T Ang-2 175 T 19 32 Bl Bk i 4
HHF TNF-o i 5 B RSMEEAL - GSDMD # i#%
1% I 38 o 2F AL BB R TL-18 M FL R i & i (lac-
tate dehydrogenase, LDH) W B, #HEmAn S+
FHKA/NE S K VSMC #E£1-7, esh, #izkm
B AL 2 0 N RS, o Ak
R K B RE DR S R AR, 51 R RAE S .
Rt 8 A i PR T G AR B NF-«B, AL RE A5 42
PERRE a5, I A0 A T E AR . Duan %0V K
B, HGF figiili] NF-«B-p65 BB 1L, W/ R IE
M A7 be R R 2R 1 AR R Y T A AR
k. IMIEE ApoE /N AS,  #10 il 5 e (1) i — 2
WRL, A BT T M ASIGIT i A # 3 KAE
Ao BHIAT 5T AR S5, 42 B A RN T FGE A
VEGF BEJH 8 R IE W B AL 7 NF-«B e HF
TERAEAHSCH L P 5 Rk . B ARk UL, FGF21 /]
DL 97 TET2-UQCRCT i 6 ok £ ¥ 28 by Ak 45
HRIPIEE, ff ROS =AW IEMd EC 41 FE T,
BB — 4 & B, FGF IR F FHE [k
B&AEWIEE, TUAERIS FGF 2K (fibroblast
growth factor receptor, FGFR) A9 40 jt 7 finh % 15
ST, TR E S & S #0E A FHE-FGFR1 &
SYINA, T K A Al i AR T R . e KR S
s RNA BBF7E . miR-30c HLA7 ik [ it i 4 %
23 R v 2T 4 A S R AW A AR AR, T
FERSAH I IR 98 % SR ) 1 (metastasis-associated
lung adenocarcinoma transcript 1, MALAT1) N
a] DL A #0 [a] miR-30c-5p MRk E] 35 T R E % &
FH 43 (connexin 43, Cx43), ] TNF-o i 5
KEESDPRHNEZAEET, XINH—MEHRR T
THEZEM KRS s A, i g A B T
TGF-B RE % i & 4 17 22 2 B &5 (A g 40 1 7 E
(serpinel) &R M 45 AF W ad B2 b il 45 J4) B 27
AT SR S R, T £ BE R B (leonu-
rine) A LIl i3 TGF-B/SMAD R4 2 (Smad2)
{5538 B A o LAl i AR Y L B, AR A
TE R o A8 rh OB B A AN B e AR, e A i A L
BRI T, 4ERE T SRR
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LR LPTIR . ANER TS0 B A AE AS AR
KRR AETE A BRI SRR . 40 45 T B9 R E i
e, WA ETIERRZ . BN R A, AL
AE N T 40 M A I B L s ), A R O A 2 R R ) g
Ty HI AP & S A RAEA M, Bk i
DA A 1) A 22 20 M BE 7 R 4R 28 18 T R UL A
AN, R A G A, R ORI
MAE . [z, B AR IR T O 1) 4% E H A 4R AR R
FUESRYIT, 7 2 00 40 M 1L B R o 1 R
b A AE A B G R i e AL, RUR T 5 AE AR 25
AOZESF . A0 £ T 0E AR R RN L UK 4 i
e ARt AS B9 e LA T A U R S 2 ot
FIEARAE 7 AR AR AL 5 A, —F SRR T AS i
KRR DRI e A o R A SRR T 4%
Foft A A PR ] A 1 R 28 L 400 o) 200 i T R R E S
BEXE T AS #0367 HoA BRI, H AR 2 g — 2
JEE 35 200 A0 T ML 5T A 2 TR A B SC AR, AR
fifi 2 EAEATHEST, XL AR RE BB A i b

EE AL T SR (Rl L RN
ATHeEERRR AR SORMAE AT BB ARG T AR 305
74k 1
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