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Advances in Mitochondrial Regulation of Aging-Related Secretory Phenotypes
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Abstract Aging is the irreversible process of functional decline and loss in the body, and senescence is
a key driving factor for aging. The aging related secretory phenotype is an important characteristic of senescence,
which affects the communication between surrounding cells through paracrine secretion into the tissue microen-
vironment, resulting in various physiological and pathological effects. Mitochondria are closely related to the se-
cretory phenotype associated with aging, and the two are closely interconnected through a network of interrelated
signaling pathways. On the basis of a brief introduction to the characteristics of cellular aging and aging related
secretory phenotypes, this article provides a detailed review of the mechanisms and research progress of regulating
aging related secretory phenotypes, such as mitochondrial reactive oxygen species, mitochondrial metabolic abnor-
malities, and mitochondrial DNA release. It also explores the possible problems and prospects in related fields.
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HERNER AT DR T b H 2=k
WIREE o PEBE A 82810 7™ A2 1 & A 4F 6 AH R PR
T, AN R AR IR AR TR, B T A
K RAERGA AT ABE KRR, 20134,
LOPEZ-OTINZE Pl YO 3822 (% AR FEREAT & 4
RHIEZ I FLFRE. 20234F, #— 2 EE N
T IREEERME, BARRE R AARE . Ik 2k |
FRUMBAEHAR . HEEFRRS KM B AT RERE K.
EIRRANRI . ARADIRERERG . AifuEE. Tl
NFEYE . ZH MO EE AR L 18k SR i B K
W, Hor, 4R e 2 RN UA R Z IR A DK B A 2

T M 26 52— MiAS T 30 1) 0 R S IR S
FLIE 20014, BF 7080 R B %2 2 41 M AR 482 v R AR
I I [ 2 ZURH 858 4 482 0 WA 24 i DT 1 O, 6k 4H.
YGUMIR BT A 5 445400, 20084F, COPPE%SE 11 1K
5 2 A PR X — SRpAIE i 44 S B Oy il R 1Y
(senescence-associated secretory phenotype, SASP).
+Z 4K, Wit e SASPER [, X 52 4i L
SR T S S RN R, B 4 S S R
&, REE B 7 WA 55 73 WA I AE 5 e S LA N sk
EZ e Sl E ] OVRGa B =/ S A i R

LKL AR AN A 20 D ) i B AR b RS
T T ARX T HLAE 0 P 3 A A A s g PR
FERBERIT. ZoRifA D) e fats ] e S B4 2,
A e 2 X — 0 SRR Th RE MG . Rl , 2k
RLAR 5 382 AH K MR BB A O¢ , — 3 il A
IR A5 5 1 2R 0 2 B AHIE T, ASCHE o] 5/ 40
Y322 A SASPRAE [ LA b, TEANZRR | Zebifa
15 PE%A (reactive oxygen species, ROS). Z&FIAARAR U
S5 2R R AR DN ARE FBOG SASP 2 (1 BIF 7Ltk &2, 4»
FRE ST 78 T BEAZAE IR 1) R, JEEAT A R B

1 fzRZE

10 2 — Tk AP (R4 i S TR A
5 - HAY FLICK 55 P 3% S A% AR I BT 4 41 i
R SRR GG R, (HR 248 =
A i, AT R 3 K 7 R N RS2
B T B AH DG M BT R L AL R AR, B AR
FA S, AR, fENNUASEZMIRA IS
R, YN 2 52 B 2 A TR 22 1) 56, FRI28T R
N A R AR R R FOAZ O

1 5 2 ke A A 22 i A B A RO ELE L R

R R T 7 N EHI A 2. N4 i 2
MEBWHMEEZ. REMMELEZMERD
FEEHRRE, (HEAFRATRSET, Mgz
ReREAmAEH . EIRIBRE S, 402t
VZHZAE I8, P 40 M G A A 23 A0 56, 6 2% B B
AR RIEREAEA . B, 32240 i i & I
AEAE T RGBS X IB I8 T 55 7 WIS A2 K o R
B M, LIS MR IR G v S 2 A B A sh s
AL, NG a2 AR R B S e 1k
KIEp2 15322 hr BV, B RAFIE 2 B A 5 - Eo8r
BN, 25 WA G HLTE R, $en kK a1
4 B 3 22 0T BeSE — Fh ol 300 I 20 e SR BAAS EIRES . 4H
%222 5 4 M T AE MR IR K B AT E T e B AR
I VEFE ML, 40 B 0 T a8 ik PR A B S A B 4
HZFRAS T, T2 40 i i 4 1 SASPIA 48 55
2 A I R H LA T . bl 32240 WA 1)
ZM A THLEBEAG DA M,
WA R —FhEZ N BUE AL . 28 ERTA, A
32 R MUAR B B R ALE], EgERFRRS PR
PEOCBEAE R . R, 2 i 58 22 R ) 245 e A SR AE X
ZANEYES AR CEE . 5 IR 41 A
e, 2 EA LA ARHIE GR 1): fEREY I,
LN MR R I ORI AR AR AN S TR, AR
A0 B AZ AR FARE K L S AR R 2K | B T IR 284k
() 52 22 21 PR DAk A 35 7 T0000 62 22 e g b B &
LR AR U8 4 fe ] R R, 2% B 4 A A
FOREE A p53. pl6. p2125ERIA R i, 24
Jif o 2 5 e e R R AR 2 — IR B AR ARk AR 1
o 5 U A ¢ B- - FLME LT I (senescence-associated
B-Galactosidase, SA-B-Gal)yf VI 58 | & %5241 fu i
SRR HANEA YT DNAH) ™ 42 FESASP
DR - FRRE I 22148 o ik 40 35 3 2 4 i 3 Y il L e
IF) /5 53 56 22 2 L) 25 ) AT DA RRRE K 3 22 /N BRI
) HE PRI R B 2 250 0] LI R ff /R
DRI B UGS « W PRI 55 2 A5 FRE R,
R 8 ) 2 5 2 i S I A RS 2 R AT AT

2 REMXDHRE
2.1 FRAXDDRBMARSIHEE

SASP A e DT 4LR, LIS R A 7
ERGREAN. EKH T (REHTH, XK
AT LU 4 e S AR K (5 5 I, IR LA
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Table 1 Typical characteristics of cellular senescence

Etl TEANH R S R
Phenotype Detailed description References
Morphological changes Enlarged size and flat shape, impaired nuclear membrane [16-18]
Cell cycle arrest Upregulation of cell cycle proteins such as p53, p16 and p21 [19-20]
Chromatin alternations v-H2AX positivity, SAHFs andDNA-SCARS formation [27]
Lysosomal changes Increased size and lysosomal activity, enhanced SA-B-Gal activity, lipofuscin accumulation [21]
SASP Increased cytoplasmic DNA, cGAS-STING and NF-«B pathway activation, increased cytokine secretion  [22]
Mitochondrial changes Impaired mitochondrial mass homeostasis, increased size and number, excessive production of ROS [28]

SAHFs: EZAH G M 5 44 (0T i ks DNA-SCARS: FL A7 1Y 5 28 2 AH DG Y (0 U8 fIDNA Y B
SAHFs: senescence-associated heterochromatin foci; DNA-SCARS: DNA-segments with chromatin in alterations reinforcing senescence.

5 W T A H RS AR H AR I . SASP
fR)— AN OGS Ty e 2 In) 22 FAS (] 1Y) S e i, A0S
IR BRI, T4 SE PURIEE S, M
T S I 375 28 SR AR ) 5 2 A0 B, 2 e R 4 1) 3 4
SASPIL ] LLE R B 1 #2 DL RO 4% 1) s Bt 4 rh
PP LE IR G055 I AT 4 i i 3 A
b4 K A7 B(transforming growth factor B, TGF-B)+
I /AT A2 Rl 7 AA(platelet-derived growth factor
AA, PDGF-AA)S R 4, W H AR
AP 2 B AR 73 WA TL-102 5 4R 4B A= 1)
P T4 22 I J 2 B AR P4 SASPIE AT AR
153 58 FEE R4 252 () 184 5 4 ff ] 28 4 R 2H 23 P A e
73, FFEAR R0 3T 20 B X 4 M L g A, AE G R B T R
R 28 00 B LA B

SASP I 7 /] Ui 1 5 3 42 2 M B8 5 kS 4
W IE KM S5 M Dy ek 2k B, anIL-6. IL-8
SR AEFRAE M B B 0 3 2 R A P, Bl i
TGF-BF IR« MLE W R A K R BL R AG R
SR LAT S AR B IR H AT LR, B 5% 4 ik
PP dEmisgm R A . B, 25 T8I
S5 %) 4 L 2 1) A 52 ) Y P 218 3 4 i A% 32 45 4 15
5, 5| DNA#GA %, K 38 22 (1) 4T 44 o # 4 5)
RN R, 4518 1d SASPIA X AL KRN 7E N
() Z2 AN 48 B P AR 5, AT 0 4 B P 2207,

SASPLE R K @ L e h B E AR . —
J7 10, SASP 3k 20 i i S 45, AT A o] e e 2
o 38 7 B, Bl 2 o B A A 9% 0 i DA B e 4
ffl, %40 CHENSS BB R B, SASPH TR
y(interferon-y, IFN-y)R] LA [RI{E 2E 40 5 235,
e 4 N o 22 1 G e A Dy e P I AL, B 2 T UMY
HERR RS 55 —J7 1, SASPW AT LURIE (R /R

1 1 22 1A LR T A0 208 TL-6 RTTL-8 55 SASP[A]
¥, I 5 S 5iE Sk F - 3(signal trans-
ducers and activators of transcription 3, STAT3)i#
PR IO R ST AT R A, 5 35U R DA 5 s T UK
J& 0T, R I R AT ARt R DL I e e R A
B2 (2 a2k Jieh e i R 41, T 90 o 3K 6 38 22 15 W 4 Jif T DA
A B ) e 4 B

PRI, SASPAEAS [A] AR ) 2 el R A 22 A OG0
o R 2 P O, IRIT &S SASP IR = AR
W HLHDN L Z 29I T K 20 B 2L,
22 TEHEXDWRBEAFE

SASPHIFRILAEAR KFEL b 32 5 DNA A [ b
(DNA damage response, DDR). MiFLaI¥Y) & 05 &
412K 1 (mammalian target of rapamycin, mTOR )i 4 |
Janus¥4 M (Janus kinase, JAK)/STAT3# . #%[H 1
kB(nuclear factor kappa-B, NF-xB )i 4 %% i 4% .
FE A I 5 R R R & B8 (cyclic GMP-AMP
synthase, cGAS)-T-H 25 2L A I A - (stimulator of
interferon genes, STING )i % #3% 1) 56 K i i& 12
FEAN 2 R IE B R EE IR .

cGAS/E — Pl Jii DNAAL A, 76 1R 1 i i
DNAJ& cGASHEAL GTPAI ATPIE Hi 3 Ik GMP-AMP
(cyclic guanosine monophosphate-adenosine mono-
phosphate, cGAMP), cGAMP4E & FF 3015 W 5 I 2
1 STING, 1 i@ it STINGIBE , JF i3 fuse b 3,
TN A R BB ST DN AR PR R & 2 —
KBSy - 40 M 5T G4 €4 )51 v B (cytoplasmic chromatin
fragment, CCF). c¢cDNARIZEHi1A DNA (mitochondrial
DNA, mtDNA). fEEZEHY, K42 EH
Bl(nuclear lamina protein B1, LMNB1)Z 1A 7K F-F& 1
TR CCRRY EE R K, LMNBI1 T i 18 BlAZ 45 14
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AFaE, AT BOR 5T Fr B M2 A R T8 22 41
J5z Hpr 4 S LMNB 1) B g T LA 2504 Rf 1R 52
BN FFANHICCF TR, MITTES ASP ) 75 U4 ik 35 Uik
ST A, KEERZ 0 1 (long interspersed element
1, LINE1) cDNAZ % -1 LINE LS 52554,
TEEE YN BAI b R SASPH.  H i, H#ENLINEL
cDNARJ AR BEA PIFTHLA 4057 K& LINEL
()RR B8 AT R A 300 % S RS 75 VA B T DNABEAR 1)
THEOL KA, T3 B 5t cDNAZK-F- 39 i 47
T AT F I CDNAA 24 FH B G BFE R T
FE I I AR R A2 2 T A% 53R N i R

3 TEHEXDRBE SR

ARAR RS R A E bRz —, DikE
NG AR N A I B R A AT €K W -
XA SASPH H L&A, WIFTERM], FEZ P
b 3% S AR HRR R A o e b AR ] DU O R R S
FHIARE 28 R A, $EoR 2RIk 5 SASPEE ) AH 5],
3.1 ZRI{AROSSSASP

LRI SE AN ROSI R BLAE 7238, 240
R D RE R R I ARk 22 7 A2 0l 2 (R ROS, FFXT
Jii~ DNAFIR TS AL Koy 38 s 12

LERIAR ROSEEHE SASPF AL [ R BN K2 —
(B 1), NELSON&E P31 3 3% 22 AH O 28 bt 1k 1y R
5 (senescence-associated mitochondrial dysfunction,
SAMD) 2 (£ JHELE R/ ROSHI P2 24, FH1E 2 Fh 2T 4
Y1 By 3 2 AR AR 3k — 5 IE S 2Rk R ROSIE it
NF-«kBii {2k IL-6. 1L-8%5 % Fh SASPIA T IR IE .
SAMDTA [ ROS T LA I SASP, {H SASPIfAfE
A SAMDI K A2 . SR1, ZHUSE BT 5t &5
REINZERRTIEA TR, KO£ MR b R 20
HOH, TL-13 4038 2 36 2 hor A i F 35 B . i
ROSIEfE R, FEE AR ) RE R AT I e 24 5] 4
M. X—IM%EH, SAMD5 SASPZ A 34 H
A TR R LA AR O R, H R B AR BT AL
il P A A

TR ROSTR S SASPIR BLEEA 2 77 30
Feit S DNATU S, il an s it . ekt XUk
Wt SRS 47 i, I NF-xBAE 5 38 % 4% SASPH]
T4, 15 B ROSHT LABH W NF-kB [ 30 40 i
C-X-C3: Fi#atk [H1-8(C-X-C motif chemokine ligand
8, CXCL8). CXCLI10MIL-6%5SASPA 1A,

RO S ] 4 B JEC 3 41 1 471 1y ot 205 11 40 i ik il DN A
P B0 bl 32 T AR T ROSH AN i 7E 2 ki 4
R, FEUtDNA , B AE SRR A7 72 Bl
BV R . s R RN X 2R, H
TR E B A, mtDNAL K DNABE %
Sy ARG BT 2 AR mtDN AR HE N 20 5
M cGASHRZI A, 23T if it STINGHUE NF-xB
5 T4 2 9 A7 3(interferon regulatory factor 3,
IRF3) 4% SASP /=25 o Mk fide ik 2 2% W 22k s % il
(nicotinamide phosphoribosyltransferase, NAMPT)7E
TN T R, DINGZESY R BILLE P B2 4 i T
R NAMPT 2 840 g Y BRL AR ROSIKF 25 $id 1w
HAER A 2 Fi SASPIR T [ =3k, Hria b AiERRZk
KA ROS, A AT LA 2 B A% SA-B-gal BH 14 21 ffa £
&, 0] LAV SASPIR - (1) FRIK /K-, TR 4EIE B 26
FiAR ROSKT SASPH KA A KB AEIMEH . Z2
Ji 5245 () DN A LA CCF 77 20 2 i A% R T 22 i o
o, JFiETE cGAS-STING-NF-kBifl % ##43% SASPE,
VIZIOLIZE M2 til] | — 2% 87 B R 2R R A4 — 2 g A% 30
S 5 st RIEE 2 A 4R 40 i o D g 2k
[PIER AR = 2 ROSHBIE c-JunZ F: R Ui BB (c-Jun
N-terminal kinase, JNK), INK 5 p5345 & 1 1(p53
binding protein 1, p5S3BP1)7E4H % HAH H.AE F AT
I3 CCFFSASPII ™A, 23 bR MR B S F Lo i fA
B [ B0 S A R R TN 1) 771) A2 DR CCF IR
B, WA TP LR A 5 A M A% 2 TR) IR I 3% 1T e 2
— P E P T

REH TN NEHRLE ROSHE B AR Z LA
R RE AN SRR OCHEAER , (H2 ML BTN
LHAAROSE SASPZ AL R WERL &R . fE— %t
PORAN R A 2 AP M vl = NS Y TR
B 1) 3 S A S8 (mitochondrially targeted catalase,
mCAT)ZE [ 13 32 /N BB AR T DUE BR AN i = (1)
LKA ROS, HIX FEA 28D A5G SASPAE N AT AT
R EVIAE R SR SR AT A R BR 1,
Bt B H 2V e, A SR A A HAtm CAT
PR SR E], FEARE PRI LT o DR 2R R A
ROSXF SASPAE HAth % S RFAEATI A 5 387 3 1) 5]
FF R H R P E AL T AR SASPXEHLAA T2 ) 7 T
S AT DO SRS SR A 2
3.2 ZhiAKEFESSASP

I 3 22 o ah R R AR AR e, A e B
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DNA damage

l SASP 53BP1
NF-xB RO RO

v SASP v SASP
NF-«B IRF3

(DROSHE EmtDNAT 5 738 1k cGAS-STING I #% 1 # SASP A T [\ 1% ; @ROSHE il i% DN A 15 318 1 NF-x B 5 518 B G SASPIH 7 ) R 1A,

O KIAROSIHFECCF 4

(D ROS causes mtDNA damage and regulates the expression of SASP factors through the cGAS STING pathway; @ ROS causes nuclear DNA damage
and activates the expression of SASP factor through the NF-kB signaling pathway; &) Mitochondrial ROS regulates CCF production.
Bl ZR{AROSIFHZSASPHIE XALFI(HRESE STBR (56112250
Fig.1 The regulatory mechanisms of mitochondrial ROS in modulating the SASP (modified from reference [56])

MRS T W I A i d X P A U g R - S0 TR i
JRAZERS — 1% FF 2 (nicotinamide adenine dinucleotide,
NAD"). JRMEM %1 — %K (adenosine triphosphate,
ATPYAH 73 1 IR & 10 28 RS [adenosine
5’-monophosphate (AMP)-activated protein kinase,
AMPKJBEUE I p530 S AEKATH 1, /M2 5
T H AR BT SASP AT

NAD AU 57 5 A2 2 40 fu 1) 3 B KRR 2 —
THEZAMAEEERTRE MR (B2). —
7, R AR /KSF I NAD 2 75 5 DNA$ 47 Fll 2%
Fiia g mEsh ek, 5—77
[, NAD"Z Sirtuins 5 [ 5 AR ADP-FZ A 5 45 1
[poly(ADP-ribosyl) polymerase, PARP] ) %4k i

T. PARPR —FIEEMDNABE EH, EEidiEH
FINAD AU 5 S B PARPE ME T M3k M it i DNA
WEE SRS, (23 SASPIR Az, hAh,
Y1 KT 1 NAD £33 i SIRT 25 [ 9 P Bk
M2 5 SASPHI . Hilln, SIRTI{fEREZH T
W 1051 R AT 4E AN i P9 NAD [ K F i) LA
2 18 s SIRT & P I 40 i) IL-6 1) Kk 1, SIRT3
W2 552 FEPSASPIETE . WFFRM, EEH
Fo T A0 2 R AR LR AR T BE R A O F BUNADY
J SIRT3 3 IE K F#AIK, 2 =48 il A NAD 7K~F- 7]
R SIRTIRIA KT, o385 R 1A T g F 18 4%
Y2 7, PENGEE SSIATF St —2Dir i, $Em
NAD'/NADH{E f] DLl i 58 STRT3 (I BEE 14, Ik
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TR TEZ M 1 B 40 R P PR 2 A 453 455 5 KR R PR A
CXCL9. IL-10. IL-1P. TGF-P#ik/KFI LI,
Hee b BRIFFEIZ B SIRT1AI SIRT34h , I 4Fk &
BUSIRT 25 A 58 i SIRT4, SIRT6 7 1] L) 2
5 SASPIIAE . Fb s h 78 NAD LT & —FiAs
PR %, JLIUE RBI AR B, b 70 JH I i B
1% (nicotinamide mononucleotide, NMN) &l /i ik
Vi #%4F (nicotinamide riboside, NR) P LAf5 24 = 1L
WHNAD' 7K, $ s 9 N 2 T S AR HLRE IF R
Dl R4 AR 2 A 7,

SR G SCRARIE , 753 Z 4l i kb 78 NAD®
K2 E ik SASPHI ik, RN TEZ A B K
I A2 PA S SASPI 73 W #A & v K1 1 g i AR 77
Ko NACARELLIZE R B, 753 E 1 2 NAMPT
[FZRIK 52 R MIBAL W%, 4 78 NMNEE i3 NAMPT

(25T DL e 3 2 AT 4E 4 L W NAD'/NADH
(B IR R 2R A IR A H, 3ET @ NAD 31
AMPK DS AR, W0 p38 22 2R TH L 2 1 i
(p38 mitogen-activated protein kinase, p38MAPK) A
ftia NF-xBIG M, S48 5 SASPIA T R IA K.
NAMPTHIZRIE KV BEAE 40 52 B2 e v, I ] L
WORE TR 20 i A1 1T B S ASP R — 737

DAL b gl SR AR B ) 45 SR R, NAD I3
ST SASPHIHIZ A B B REZEMEM . &
H ATH B EAA, S ER A NAD K20 —
A I HEE T B, (Hm K FRINAD E 2 A
THMRAAFR, 52 MR 1E R {2 SASPHE
[FIREAN 2R AL, JLITRUNR i PRATE 72 2% W] 2 5 NAD”
IKF AN BE B0 22 AR E AR (0 4 B K U877, A 5%
NAD T 532 2 8 R E R AT T

Extracellular

Endogenous NAD decline

—

-
~
/ m
ysfunctional mitochondria, \
\ J

w

— om—

o
AD ¥
/N

PARP) |, -¢

o
>

e J—

”

NRGY 053

DNA damage

NF-«B l—» SASP \ SASP

,

NMN = NR

Exogenous NAD" elevation

NAMPT NMN NR

°©  Nat
9!

p3SMAPK

v

e ,—» SASP

OWTEENAD TR SASPF=2:; @FMNETEFE FINAD 7K TR HESASP 2 .
(D The decrease of endogenous NAD' promotes the production of SASP; @) Exogenous elevation of NAD" levels promotes the production of SASP.
[E2 NAD'RSHEIESASPRIIE X HHI(RIESE SCAK 64,7522
Fig.2 The regulatory mechanisms of NAD" metabolism in modulating the SASP (modified from references [64,75])
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TR v ) SRR T R R AT R 5 B R A
DNARER A0 L5, I OGS SASPI 2K 5
Z—, mDNA T Z il = Mg N it 25
SASPHATE(E3).

FET ORI, EA BRI T A Hh ok 4 DNA
SR TR A0 M o b IR0 cGAS-STINGAE 51l
B US04 oREk 22 (IR R W, S22 40 e D Re
S (R 2R ARt 2 B B mtDN A I8 i B35 cGAS-
STING{Z 5 Jl H i SASPI¥ R £, X —d FE e,
28074 41 I8 38 3% 48 (mitochondrial outer membrane
permeabilization, MOMP) & B )l mtDNA Ft 44 75 ],
I R A AR LA AN AR 8 K RS TE A BE W A2
mtDNARE I TR . XIANZE B H, fEREZ I E
WA, B ROSAEAL I mtDNA R i i 5 R AL 1
F A 4 B 55 -7~ il 3 (voltage-dependent anion chan-
nel, VDAC)F I EIAHEIR , 24 fil & cGAS-STING
550 . Al H VDACSEZ A HM 77w LU 250>

5 H I mtDNA, #2807 B TRTT 5 mDNARE
JEOME G B8 (B AR 7 1R, Ik Ak, BAX/BAK R
A R DATE 2R R4 1 I5E T BRI T8 I/ F mtDN A
PR 84, H R I — i Rl R AR T I
WIE TR DL, 75352 AT 4 gl i R AU — 34 4%
Rtk £x KA MOMP, 4 H AR Z A miMOMP(minority
MOMP), miMOMP I A 2x i 3 41 g 8 T2 {H £ &2 PA
X Zh mtDNAIE i+ BAX/BAK 5% B AL FLIE #E A L i
W, B SASPII R A, 18 F BAXHN il 77 kb B 52
2 A AT DL M H] miMOMP B 28 0 )N, 1%
— R ILEE LT G0 S S A B T (R RURE [ B
A, AR, mDNAE R Z IR G wf
e 2> b IR 2 A /0 RENTEIR R GE, ORI
DNA(circulating cell-free DNA, CCF-DNA)®*7,
T mtDNA M 5 T 3 K 20 DNA 8 H A1 B 51k
CpGZEf7, Al mtDNA W] BA# Toll#f 5244 9(Toll-like
receptor 9, TLRO)5®ZIIR A, 12 11 $E NF-« B % 7=
Az T 9 FE R

——

Nucleus

/ IRF3

/

Intracellular i“ Extracellular

M‘s
r O
O {

Circulating
| mtDNA

(OmtDNAH it BAX/BAKRE 2 41 M 5 305 cGAS-STINGAE 5 i ; @mtDNAE I VDACHK A E 41 )i - IiiG cGAS-STING S 5 i i, @41

g A mtDNAYE TLRO VG 347 NF -« B #

(D mtDNA is released into the cytoplasm through BAX/BAK and activates the cGAS STING signaling pathway; @ mtDNA is released into the cy-
toplasm through VDAC and activates the cGAS-STING signaling pathway; &) Extracellular mtDNA is recognized by TLRY and activates the NF-kB

pathway.

B3 mtDNAFFESASPAIAEKHLHI (MR HES% STk (88112250
Fig.3 The regulatory mechanisms of mtDNA in modulating the SASP (modified from reference [88])
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£150F cGAS-STINGIHE #% UL T~ /& — P 2 Pt
LT B, AH RS T HAE e R A OB I A
] 2 308 S S T 2 s M LA ) e 7y . BRI, i —
IR Z mtDNAME #5240 i Joi (1 AL T & H A
R ) MOMPHI 1), w] fg e — Fh B 2 A [ fif vk 07
%o
34 AEIEBAMBZERATIGER S SSASPAE
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