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Fig. 1 The major processes of mitochondrial apoptosis pathway
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Fig. 2 Three distinct settings of MOMP and the corresponding cell fates
B2 ZehifsMERIE R =2 E RN A6 IE

AL A BT LRSS R R AEMOMP, WIZHBAA T 5 4 AN (A D ki R LEMOMP, TUMEDNAAT BRs,  AiAf s A e 5

PR LKA R EMOMP, WIDNASZ I B R, Al R T,

2 SRENIREES RE R

cGAS-STING/E 5@ %
AT R —FEHERIERSET 2, X REEFRHS
XA o SRME AR S 7R, Bel-2 4 1
KGR # Bak/Bax A1 3 1 MOMP AN 1] LAY
YR AIET, e SEAN I K A SRR O, T
PUAR G RE N S 5 35 8 45 5 ok I PAR 5 1 i -
Bt R & W B (cyclic GMP-AMP synthase,
cGAS) -T ¥ & X H # % N F (stimulator of
interferon genes, STING) {55l i PIAI 2724,
21 5 Hh Ui 5 1 DNA 978 £ R [ s R 50
M —FPERE S, cGAS-STING {5 5l f& 16
ARSI 3 A5 5 3 0 3h B A AL ] Y B 2R A
405 7 ol 2 TR R L A M S, R A A A T PN Y
DNA £ # ift it DNA 3Z /& cGAS 11, M i 4 £k
ATP Fll GTP A U5 — {7 #2170k GMP-AMP (cyclic
GMP-AMP, cGAMP) ' & 5 Py i W B I 1Y
STING & 11454, SEHM R A BIFE K=

21

AR

R, gkimaERE B, STING S RIEE N E T F
E R ZEIF BT TANK-%5 434 1 (TANK-binding
kinase 1, TBK1), TBKI1if—L#lR{LSTING, M
M8 52 0F B2 Ak T 48 R 15 8 + 3 (interferon
regulatory factor 3, IRF3) 2, BEER{LIY IRF3 JE A%
TIRIK, AN, RSN ORe AT
L ZE B (interferon-B, IFN-B), fih & RAES N *,
cGAS-STING {55 7 i % 7] 315 fo P 3 48 A L9 4
ML, CAESREE ST ik L R B

24 KL K P % 5 5 & 1 (mitochondria
antiviral signaling protein, MAVS) L 7F [& A 3%
TSy A A R e TS OB T
SR RSN E AL TIRE . MAVS il i 5 S K R
I 1% & NF-«B  (nuclear factor kappa-B) . IRF3,
IRF7 8 (5 58, #mash TR BRI RIX,
IR B R AR Z B P ST
FR R R, A8 cGAS-STING 1553 #%
AR S SN I BILT



2022; 49 (9

MR, & ShEETEENARGIENEE -1641-

22 ZRENIEEIES| & RER K

cGAS BERT I 1 9 15 B A0 TR 55899 S i A= )
() DNA, A A] 350955 B A% 14 T 3t i 00 40 it o A A
EYDNA, #14% DNA FImtDNA ', Y4 1F # 40 g
Bkt = Caspase £ [ o =G P52 2IF0 6B, mtDNA 7]
WG cGAS-STING i %, 74 IFN-B I BRI [T
s [EAER T 40 Caspase 225K Sz v Al DA il 1%
IR e B RS A B, Caspase 3 ] il i )
] cGAS. IRF3 %5 cGAS-STING i % it e #) Jo
PO TEN-B 7= A, DT a8 B & A R E I W
XBERIF 5 B DA DR 1 20 B T AT 24 TSR B RE T
BRiX —FEE YRR R, (0 mtDNA Qe ARk 4
AR RS MRS . I, Bl A
o R BB R RIS N . AT G R TR

LR ARSI
(@)

Caspasef7 {F

Procaspase 9 l

NI@ONIR | |

AR AR ] 5

Bak/Bax i it SR k5] & MOMP, Bl 41 4 3%
¢ LI IE Caspase 3; 5 L[] B Bak/Bax B i ) 55 58
WAWIRA, TWREKALIR, (LR AR N A
gy, NI 32 AR I 55 1% (mitochondrial
inner membrane permeabilization, MIMP) , B jiX
mtDNA 4,

PRI AR (K3) . KK Bak/Bax &
Y145 MOMP Y % A= FARAE (3% ¢ RO RETL, 2L
AR T 2 S5 1 B Bak/Bax A WIS MIMP
(19 % HE A mtDNA BRI, 5 SAE N . AT
FHINREMUE TR, mMARTEH, LT
A0 ] LUSEAE Caspase 3 UG BH IF R 5E &4, A
PRAZH Xk — I AR ST T AR B IR S T &
MR (FfRFR).

ZHL AR A B

Caspasefit 2k

Caspase 3
FT A
D
| IRF3 @
@ (G

® : Bak/Bax ¢ IFN 5 %)

— ; YA A
— :#0 @ wi &

' % -—

Fig.3 The interplay between apoptosis and inflammation regulated by MOMP and MIMP
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The Roles of Mitochondrial Membrane Integrity in The Regulation of Cell Fate®

QI Hong"”™, LI Zhi-Chao", SHI Zhi-Qiang"
("Wenzhou Key Laboratory of Biophysics, Wenzhou Institute, University of Chinese Academy of Sciences, Wenzhou 325000, China;
DComplex Systems Research Center, Shanxi University, Taiyuan 030006, China)

Abstract Mitochondrial membrane integrity is so pivotal to cell survival that its damage can lead to apoptosis,
pyroptosis or inflammation. The damage includes mitochondrial outer membrane permeabilization (MOMP),
mitochondrial inner membrane permeabilization (MIMP), and mitochondrial permeability transition (MPT),
which regulate different signaling pathways and thus lead to different cell fate outcomes. These signaling
pathways are intersecting, which makes the involved mechanisms intricate and poorly understood. In this review,
we firstly analysis the role of distinct degrees of MOMP in cell survival, tumorigenesis, and apoptosis, which may
operate as a tristable switch. Then we discuss the molecular mechanism of MIMP in triggering inflammation
through the release of mtDNA and envision that low order oligomers of Bak/Bax induce MOMP and promote
apoptosis, while high order oligomers induce MIMP and cause inflammatory response. Furthermore, we clarify
the working mechanisms of MOMP-induced apoptosis and MPT-driven pyroptosis under different stimulus
intensities. Finally, we outline the intrinsic connection underlying cell-fate decision influenced by mitochondrial
membrane integrity. Therefore, a deep understanding of the dynamical mechanisms of how mitochondrial
membrane integrity regulates cell fate should give insight into the diagnosis and treatment of cancer and

neurodegenerative diseases.

Key words mitochondrial outer membrane permeabilization, mitochondrial inner membrane permeabilization,
mitochondrial permeability transition, apoptosis, inflammation, pyroptosis
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