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[Ma P ELGA%E —MWBER QNP Q/ERRE(FE)S mE DT,
AE A 450000]

WE: &R LTmiRkEThEmAdomeizdt b o, BFR AR S QL IRIAT XA
SEET BT R . 2h Ak KR A9 KR T A A R DNA (mDNA ) 33 A 2% 45 4k ik, 5 21 40 B R 2 40 L
1, ARG R K. BB ARRRAL (AS) 2 — AP K AL KBRS T S hkh 5 B Z 1R KR R m, T 5]
A LFC I EFE I, P EREALG AR, RITFRALI, AS 5 F mDNA B33 A PR %,
JE R IENBE L % A mtDNA £ AS fe % K gz P g 4E A AR AT A B4 RN IT R AS T ARk R A &
A AR AR mDNA 38 i AR 24 X 37 5 2 4k PRRs 3 5 % 09 £.0% Kt , AR A AS 69 B 74 FEAEHT 69 Kk Ae

ek
KEE . FIMRBARRRAL ; ZAIKDNA ; BEX A AR Ko
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Research progress of innate immunity activated by
mitochondrial DNA in atherosclerosis®

Zheng Jun-meng, Wang Ting-ting, Chen Yu-shan, Shen Xiang-li, Lu Ming-kai,
Shang Sha-sha, Zong Yong-hua, Xie Jin-hong
[Heart Center/National Regional (Traditional Chinese Medicine) Cardiovascular Diagnosis and Treatment
Center, The First Affiliated Hospital of Henan University of Chinese Medicine,
Zhengzhou, Henan 450000, China]

Abstract: Mitochondria are the control centers of the cell's energy production and biosynthesis. Recently,
more and more studies have emphasized the role of mitochondria as immune regulatory factors. Dysfunctional
mitochondria release mitochondrial DNA (mtDNA) and other mitochondrial components into the cytoplasm or
beyond the cell, where they then activate the immune inflammatory response. Atherosclerosis (AS) is a multi-factor
chronic disease occurring in the great artery or middle artery, which can cause a variety of cardiovascular and
cerebrovascular complications and seriously endanger human life and health. Recent studies have found that there is
the release of mtDNA and its activation of immune inflammation in the blood vessel wall of AS. This review
provides a comprehensive summary of the mechanism of action of mtDNA in vascular inflammation of AS, and
further discusses which pattern recognition receptors (PRRs) can recognize mtDNA released by dysfunctional

mitochondria to promote immune inflammation of blood vessels in AS. These provide new strategies and targets for
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the prevention and treatment of AS.

Keywords: atherosclerosis; mitochondrial DNA; pattern recognition receptors; inflammation

2R I T S LA A0 M A T Y OC B A0 i A
1E 40 M A 55 AR 2 L& P % (reactive oxygen
species, ROS ) 25 Ji . 20 i o] 399 9 455 S 240 A 5 i &
Sk R b b E AR Y 2 A0 i sz 30 AR ECER
BRI 2ok R A AR 25 A R e ZE AL L L,
20 AT LA A 22 A8 52 A AR o DR IR 2R A 1Y I
S5H 5 IIRE . 2 IX S O R IS L Aok iR 2
FE L2 R AR Bt 3 AH ¢ 43 F 15 X (damage—associated
molecular patterns, DAMPs ) , filt & L& 09 42 9 % i
Sz WP, 2k B & DNA (mitochondrial DNA, mtDNA )
S — il H LAY 2R AR DAMPs , AT 22 Fh 55 X L)
Z & (pattern recognition receptors, PRRs ) L5, 2l
ik 3 #£ 18 1k ( Atherosclerosis, AS) J& — Fh & 4= T 36
Jok LA R ) 08 P A E B L A YR T O v Y gk
H O AU R 10 M R 1 TS (B SRAE
TEAR R B 5k 4 KUK, HL 5 K B o 19 76 7 B8 A A
KMo B, B 58 miDNA 76 AS H Y H R 4R AL
il X5 T AS B KRR R M s BA R L

1 2R DAMPs

1937 4F, pe FR A 7 e S 4 th R B T b iR 5 40
i A ) RE 2 2 B IR AR L S AT SRR AR R B T
LR AR T S A0 I IR 2 B A W 5 A A A A
T M SE SN, 5 A Wy F v g PR TS Zeoki i g2 —
Tl AN W 28 I3 A6 il AR 2R Y v R 0 2 A 8 2ok
LRy O A2 A W I A S R ROk A 5 A R AR A
AR AR S R OB AR T A AR Y
CpG & & Il fF 16 T B A% A4 ¥ b i 0 B IR
(Cardiolipin, CL) , SRLIAR R T R e I A i A
&R E R T BRI R S R AT, mtDNA (48
$74& ROS (mitochondrial ROS, mitoROS) | £& 7 4 4% 5%
PR A R A N— FH 5 JIK 45 22 b 24 b 1A 180 7 B i
2N A0 HE 5T, A g S e RO BT PRR . Toll 432
& (toll-like receptors, TLRs) | MR ah & 5 B4
AR A = S VN (nucleotide—hinding oligomerization
domain-like receptors, NLRs) | # ¥ [ig i/5 5 5& [H #£ 32
T CHUBESE R A2 K55 2 Fh PRRs B 7E LR AR OC 1)
PNE N R E EAE . AR SCEZA I8 mDNA
V53 1 G AAEAE AS A VE FH AL

2 miDNARIEH S ThEE

A mtDNA 2 K /N R 16 569 bp 1 3 bR W
Gy, BT G i AR BE Y 13 Bl 2K L SOk iR
KA A Y 2 Bl PRNA 2 22 B RNA L W BOIR S,
LRRLIR Bl 12 S A R E A7 B AIG , 5 B R A il
% %% 1 fL (mitochondrial permeability transition
pore, mPTP ) JF 1 , #5c 2 mtDNA b £ 7 44 35 J5 B¢ ik
40 B 5", COLLINS %" F 2004 4F 15 K & B
T miDNA (R RIIfE . G IRAFFE R W, AS &
I 3% i mtDNA ¥ B2 B S w3 1 R OB,
H. i 3% H 3 B 6 46 3R miDNA K S 5 1 4 3R v
BAH G 3R v Ui 25 A mtDNA A] S AS
M % A KK, HonT BE 2 AS 4 A B 4 W b &
Pt SR L AT W 5T N Dy, 4 I oK R A9 miDNA
OB S ASH EE L EHEHNRELRY, XIE
SR . N o = W A (R 2 = Il |
(oxidized low—density lipoprotein, ox—LDL) 5 PN JZ 21
Jit (endothelial cells, EC) J& , Gasdermin E (GSDME ) {if
16 9 3 2 mtDNA [7] Ml J5z B 5, #F IS EC R
SE o WZ M 2 AS /9 gk 57 fE [ &R, KOBAYASHI
SR 5 e B, A A O 55 4R ERCY) T TN Y
B bk P Rz 4n eSS, 40 B ) mtDNA A B DNA
(nDNA ) % 4= S8 A6 45 05 JF 7E 40 B o vp L &R, JF
H M 4 il 4+ % -6 (Interleukin—6, IL-6) Fl IL-1« %
S 20 A B 1 2% 3K 5 0, 1 #E miDNA J5 |, 1L-6
LRIEH T RIRWA . DL EEE R
T 19 mtDNA 55 2 A w BRI B S R AR
RIEFDESH TN T AS PN E RE. 5
Gh AR R S B 25 R R W, I K miDNA $% D1k
550 145 0 R T R B AR R 1S KR N B2 D R
B i 5 AH QU A MLZ 45 R T R S o B AR
BE 2 ki (R AE W A R T ez A C . I K
mtDNA # D1 %0 5 AS Z Al 9 6 R A fp i —
UESE

3 mtDNA & PRRs %5 AS R iE & iz

PRRs J*" {2 7E {3 T 45 7of 240 Jf0 1) &40 240 it Joie
L AR 2 — 28 T PR AP R JU AR G 73 1A =X
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FpIE AR ek %534 %
5 H S DAMPs 19 32 K", IR AG T 40 i L E g guanosine  monophosphate—adenosine  monophosphate

20 i AN I 4 SF 3 WLZE IS (vascular smooth muscle cell,
VSMC) 25 3447 PRRs Y %1k , Toll 32 £ 9 (toll-like
receptors 9, TLRO) | % 1 iR 45 & 5 R AL 45 #4 Bl A 37
R 3( nucleotide—binding oligomerization domain—
like receptor protein 3, NLRP3) R JiE /N4 | 2 (6 2% 983
Bt = [ T 2 (absent in melanoma 2, AIM2) 3% {& FiI
DNA 252 #5% R B 2 55 1 — Wl 1 I 11 5 WL (ceyelic

- AIM2
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TLRO 5 SiE &
TLR9 /& TLRs Z Jii Y — b1, J@ T 1 B4 15 A 4
F, EEAAE TR AN W SR 40 ML B 20 i
ATHE o TLRO M Ah & & 5 2 iR A2 4K (leucine
rich repeats, LRRs) | 5 JI5 X 0 40 i Jii Toll/IL- 1 5Z &
S5 0 WA W, E A T N B M (endoplasmic
reticulum, ER) | A | 5 A 25 200 B D S IXC, J2 5 —
AR B e A5 R 1 R B 38 4R CpG 2L )3 DNA (1)
SRR, LRRs S B9 DNA J5 5 R 20 AL X
F 88 4 A, MR G P Z 95 A F 7 (interferon
regulatory factor 7, IRF7)/ 1 %I+ 4 & (Interferon I,
IFN- 1 ) 8f #% A -F kB (nuclear factor kappa—B, NF-
kB) {5 53 B, Al oE 1L-6 \IL-1 8 FATRE IR AE I T o
(tumor necrosis factor o, TNF—au ) £8 4 J5iE 21 M K 1 11
B

mtDNA AJ 3G TLRO 52 475 5 HLIA 9 572 R A
S o A BF5E # A8 ox-LDL F 1l EC )5 , & 3 EC
11 mitoROS A= Ji 48 22 | Lo (4 158 H 437 AR O L 5
HomiDNA B i 3 2, F 1M 995 TLRO/NF- «B Al
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Caspase-1
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+ = J—
y

’—P IFN1 @
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synthase, ¢GAS) J& mtDNA i 7if HLAK G 35 20 1) &
BLZKYF o AW B, mDNA 38 i 3 00% PRRs
A5 AS HR LA S8 RE , 6 HEAH G i ) TR A 5Y
FIHE R AS 4R Bt R TR IT AR Y A S B A
mtDNA % JL AP PRRs 35 3 1Y 5 05 58 E 2 B 7E AS
A G, WL L,

© GSDMD
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[, ©  Pro-IL-1
AIM2 925 J‘/ ° £
MET

“l
1\
\

1L-18

\ :

i\ :%IL—ls”’**f—»‘
) > 3

GSDMDNT
D GSDMD NT pore

=N

NLRP3
RAE/MA

~

(RF3) «

— -
—
IL-61L-1B

[ TNF-o
)0:00'0:900'0'0:0:00'0 ¢

mtDNA j#5E PRRs 55 AS H #$ 4 I Mz B9 1E B #L%)

NLRP3/2 It K 4 i —1 (cysteinyl aspartate specific
proteinase—1, Caspase—1) i B&'* . 1E % & & T ,
mtDNA 12 — B SR 5, A E 26 3k [ W F1 B 4
¥ A% R 1 11 ( deoxyribonuclease II, DNase 1T ) %
fi# . N B W bk B miDNA & 51 & 4 41 R E .
ZHANG SFP 22 B, AS SR I KR BE B v B LL37-
mtDNA &5 ¥ & Tt 1% 5 Y% DNase 11 9 FE
fift B A HEHT T, T B0 muiDNA DA I v gk 5 30
TLRO; e 4k, Hid % B LL37-mtDNA 2 & ¥ & 1
HRHE HE BB FE (ApoE™ ) /N LAY AS i 722, fff
FHEE X252 5 W BB AR I T LA /D BURY 30 ik

JiAE . LL37-mtDNA & & W) & AS JE A Y G B A i,
ATRE SR — AR IE YT 05 . LI SEPIE e

T HHZE VT T ApoE™ /N BUG , & 3/ BT AS 95 48
I e IR B TLRO B9 %5 T s e k3, N HL -+
R4 U 1 19006 B 40 i 43 25 09 i T miDNA 1]
AT 240 B Y TLRO , A ] TLRO 410 i) 551 J = w5 4
i v % S 200 6 R ) 2R R /D 5 B A, FLA R L T
S W 5 B I B Ik B e v % 30 TLRO 3R 3k 16 58 |, LA
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I 2% B mtDNA #47% TLRO £~ 5 1) 62 & R AE FE AS [1)
kR R EEAEN .

SR, A AH S5z 9 52 96 AFF 53 25 R /R, TLRY 2
B HLAS BIMEHT . KOULIS 2512007 FY R 3 B 5 15 /)N
B R L 2% T B ik 35 AS R R B R R L 45 R R,
TLRO D1 HE 1 5% ) ApoE /I Ui it BUM . H
AS BEHR R /NN T 33% , LI 20 I R 2 4R 200
FIFN-o fE /DB IR E RGP W EHEH R
TLRO i# 5 %] (CpG-ODN1668 ) T 1 Ji7 , /)N Bl AS %5 2%
B ek 5%, 26 B TLRO T B 19 12 28 I &l T ApoE™/]h
B ASHEAE o A BFFE N, TLRO 9 #h 24 H Al G
S T AR SE I R T R R Ok 22
PR A AS Y % R s 48 M 435 2 S0 E 1 firh 2 R K127
PRI, /0N BRURE 2R RS2 38 5 vk Z I i 25 Rl g & &
B LG RN, T B E— 25 W55 Ok 1 B TLRO 5
ASZ G FR S
3.2 NLRP3{5SiERg

NRLP3 % JiE /N4 & — B A7 7 - 20 i 5 1) 26 1
A J8 T NLRs K16 , B 1% 8% 4% (NLRP3) ({51 4%
43 F I T A SC B 5 RE SR 1 (ASC) Al B K & i -1
AR 20 18, 38 5 A7 AE T SO 20 ML 5 4 L bk
7240 L AR S IR A1 A K F 2 E 1 i 40 AL rh . NLRP3
S — A S HER AL S —A N I I BE 45 A8 35 (pyrin
domain, PYD) , — /> v S A% 11 R 245 & 5% 38 45 #4g S5 1l
— > CoR U & & s /R M E BT 545 H 8
NLRP3 & $iE /MA %6 )5 , T GSDMD il 1L-1 %¢
W, 51 A0 AR T MR E™ . WFSE & B, NLRP3 R
i /AR OS2 375 T 008 T VSMC T G EF 4E 4 i )
BABE I F AR RE PR T R, o ¢ T B A A
W0 Bl bk RE R AT AL e AS BEHUE B

A4k 19 mtDNA 2 NLRP3 i85 19 1 3% , 8- &1L
5 1 0% DNA M 3 fb B 1 (8-oxoguanine DNA
glycosylase 1, 0GG1) 1t T ¥ B 40 Ji b i % 1k DNA
Bt . A WEE &I, N2 AS BEHLh miDNA $i 45 38
%, AS /N AEAE OGGL (1 Bk 2, B BT v 48 4k
mtDNA #4 £ | Ff £ B NLRP3 48 5iE /N (14 384 3% 1 48
FLgE T2, NAKAHIRA 2502 3, W6 20 it v [ 1
M FE U & 5 B0 B8 R A 4 ok R R 2R
mtDNA {4} 52 55 057, 5y {37 il J5 H () miDNA i —
A FE RORE R F 4 Wb o #R AT, NLRP3 48 i /N 4 11
s L T B & AR 7E 2R MR 51 45 A miDNA B i 2

22[33]

AT B — 25 U 5Ok W I X LA P i Y S
o 45 B, LLfE B 4F M T f# NLRP3 R GE /N R 5
mtDNA 2 [8] 1 ¢ 5 o
3.3 AIM2{zSi@k

AIM2 J& T T3 R 15 5 19 HIN-200 & FH Z 15 K
B, FLA PYD 45 44 SR 2 B R ity S A% 1 R/ 5 bR 45
A (HIN ) 25 a4k . ATM2 3 3 JH: HIN 25 #4 35 35 1) XL
% DNA (dsDNA) Ji5 , B H: PYD 45 #4  5 ASC 45
A B S ASC 3L 4 Caspase—1 HFIEREZEAESY
AIM2 RAE /A, J5e 2 5 BUR AR R 40 M R - B
AT A2 T2 M DNA AT LLRL R 81 A A i
V55 AIM2 5E Ak JF T2 1l ATM2 R E /MARY A5 1F
FER IR, WA R G ATM2 80 /NS Bl 38T ) i
i R S 40 AR TN AS A BE BT, XU SRR B,
2R ORE R 35 7 5 B0 miDNA B0 3T 3 1% ATM2 48 3 /)N
A, 0 mtDNA /96 50T DL s AIM2 5 0E /) AR 1Y
WA A M AR TS . 9 AT R AT R B, AS Y I 3 B B
A KA 1 dsDNA 76 4 i AR FLER , AIM2 5 6 1 AS BF
P PURR Y dsDNA L2 P47 34 i, 9 ikl AIM2 J5 AS B
i) R PR RGP
3.4 cGAS{ESiER

cGAS J&— i Jifd JFi DNA JE&SZ %% , 16 4% Fh 40 fifg h
W i A7 TE 8 I 45 A M TN SR AL H & DNA
BN DNA 11 & A2 16 4K o cGAS J&— 2% 520 41
A BETR (1) A X 43 7 3 2 Ok 60 kD A A% R 5% B ity , H:
S A — LR AR 45 A DX B RS
Mab21 45 ¥4 3 , B B £ 10 45 & DNA fl 4 &
cGAS — Z Ak 1y 3% PEPY . DNA DL K K i PE S5
cGAS 455 J5 TE A8 2 1 cGAS — BRARKIE TEM 42, B
Jo % 5 AR B A ORI - R R (ceyelic
guanosine  monophosphate—adenosine
cGAMP) . T #t & J& A il ¥ & 11 (stimulator of
interferon genes, STING ) & — > 3F /8 7F ER Ji§ - i iff
AV A ST 1) 5 R 2R 1, STING 8% cGAMP 3435 J5 M ER
B B ) e o) B A, DTG IR 5 TEN= T 1 Ath 20 il B
TRy F L. BLAh, STING iF RE I 7G NF-« B, fff H ¥
i NF-k B B I 5% B 21 240 M A% , iF 1fij 2 F TNF-
o IL-1B (IL-6 5§ R AE K+ 19 & 5 Bl .

A HRGEFR, AS B S I Y cGAS # 5E K-
5% HEONRE AR L W T, OF LA S AR IR R R
(1) ApoE™/INELUIY AS BEHe b & B cGAS ik TH i, H

monophosphate,
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FpIE AR ek

i34 %

KK 5 R 5 URURTBE B 1f AR AL OE A OE
¢GAS i i TLR | IRF F1 IFN A4 B3 [7] 2 4 {55 5 5% 5 it
PE AS [ & e, BIAEWE B, AL N A T Lok
R4 05 5, mtDNA B i ) i 5T JF 38005 <GAS/STING
558 B% , filh & VSMC Y IFN= T 2 ¥, i 5 VSMC
Ko RV A, 5 BOBE B 2 Ak i AR BELIBT TFN- 1
SV J B0 B4 MG 55 1 B SO . XTE SO — T0
5% % B, GSDME A LA 45 EC H mtDNA 9 B ik Fil
T3 2 A I AT (stimulator of interferon genes,
STING ) il 4 19 J#3% , i H STING ¥ 2 % J§ GSDME
[ e = X6 T AS LA EC 9 E B9 30 ] 7 FH 4% 358 43 %
Mo PHAM ZE"WI7E AS A5 AL /IN BRI 3 20 ik B 0 441 i
UL %% 3] T 351 43 19 miDNA K STING 38 5% 19 384005
STING 2k [H] 5 2% w9k /b = 3 ik = BE He v B 200 i
R R PR B 4 0 R B R DT AR . 1Q S5 A
B GTP i 1% £ 7 1 1 (1Q domain GTPase—activating
protein 1, IQGAP1) J& — F # ZE i S QL 8K 1, 7F EC
W ORI T BE  ROS Az B AN A5 5L S R
b & ¥ AR . CHENG %M B 58 & W1,
IQGAP1 7] LA 3 A8 Ak 07 38 F meDNA B B T8, BTG
NLRP3 4 i /MA F1 cGAS/STING 5 5 i 8% . WF9E &
R, B 000 55 B U T Pl 22 5 B nDNA A1 mtDNA
B AE EC M 0T i b AU 1T TG STING ik 4%, fiff
IL-6 & A3 2™, LIU " 7E BF 58 b fiff ] miDNA
JE 17 0% eGAS/STING i #% J5 175 3 EC &A= T N J -
[B) 78 0T &% Ak o SR T, 40 B U T B 18] AR 3 ) miDNA
I A B cGAS, 3X & T T 40 M I T 09 2500
Caspase i 12 7K fi# cGAS , 5 5 P 1L 35 $T cGAS/STING
15 538 [, 3l USUHER I 4 B TR D T R AR 7E i
Wb g sh A 98 28 A0 %) 40 B BB T 38 2 i T R
R Z miDNA Fl cGAS 7E AS H 1 e/ FHALH , 7T RE
i AS B IR IT 4R BT B O 1 .

Gi5RE

2ROk UK Ty g B AR 2 2 M B R A I L
mtDNA J& AR 2 R AE [ Iy i 0 BBk . R
UL, 27 35 ] 2 R 44 FH G G 928 R 0 76 506 i
YEFI M R 584 T . miDNA 5 AS HP Il 85 BE 48 5E 1
KRB H ZRE AR SCHMEE T AS T miDNA B 56
KABPEM Z P ie . SR, X F mDNA 1Y B it
T2 . PRRs 8 W00 19 56 J5 ¥ S 221~ PRRs 3 fi% 22 [h]

4

()R ELAE O R AT AN B, 5 2 E — 20 R B O
S B0 UE H B AR HLE . A, mtDNA ) 46 00 % T 0
il SR 1A D) B 28 G E 2, (H L IR0 RE Ty B L R
g R B R OC R RV B . I 3K miDNA 1] g 4
Sk AT I DR A= W A 2 0 T B0 AS 1936 97 RN T
S, LR R AR SR BT I e VAl SR Y Hbs . A
PRRs #8553 1 19 25 9 W 68 FH TIR 9T AS 55 RE
PG, R I, 8 7% mtDNA f B il 0 & H A § 40
P25 8 RE I HARBLE] , % AS vh ok AR 5 R 2 1 B 9
Je AS TR ] mtDNA 259 9 & 8 CE 2

S
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