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Mitochondria participate in various intracellular metabolic
pathways such as generating intracellular ATP, synthesizing
several essential molecules, regulating calcium homeostasis,
and producing the cell’s reactive oxygen species (ROS).
Emerging studies have demonstrated newly discovered roles
of mitochondria, which participate in the regulation of innate
immune responses by modulating NLRP3 inflammasomes.
Here, we review the recently proposed pathways to be involved
in mitochondria-mediated regulation of inflammasome
activation and inflammation: 1) mitochondrial ROS, 2)
calcium mobilization, 3) nicotinamide adenine dinucleotide
(NAD") reduction, 4) cardiolipin, 5) mitofusin, 6) mitochondrial
DNA, 7) mitochondrial antiviral signaling protein. Furthermore,
we highlight the significance of mitophagy as a negative
regulator of mitochondrial damage and NLRP3 inflammasome
activation, as potentially helpful therapeutic approaches
which could potentially address uncontrolled inflammation.
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HEFEohk= A U oot tiib 285 4l de
AA | Hofgitt, v|EFEgok= Ak 1Ak} 28-S &
3l thte] AISE W ATPE A 3H, heme, ~H 205,
iron-sulfur A 3| 9} 22 thefst EabsS A st A
WAk B Akslel 22 el 28 V)R Fos 9T
ShoH1,2]. B35 24 o] =8 S Tdstarn, Al
GRS st s, A HNkE ek 4%
thal B E QT3 4] H2 i A7 d el Q-
AEY A B 4ol jEgsh njEZ T o7 954 Aol
E7RRIE st} 54 A A AIR] inflammasome®] A
e FAAA A AYERSS AT AFdo] Bl
I UTHS)

A WY wheS WA AR A9 € (Pathogen-
associated molecular patterns, PAMPs)0| U <=4 Al 3Eof| A
58] Wl v = A EEA A3 A (Damage- associated
molecular patterns, DAMPs) 5-2] AF=re]l ]3] f-=et), Al
7t2] A A A (Lipopolysaccharide, LPS)H HFo]2] A RNA
o} 22 PAMPst= v]A=o] 71€9)] RHE, @4k AlE 9]
ATP, A3 A A 2} 12 DAMPs= AH=¢] 24l %2 H
%39 YAA A ZE50|tH6]. PAMPsY DAMPs:= &5 o
E1Q12] 4=8-A|(Pattern recognition receptors, PRRs)®] A3
4, o] Toll FAF S=&-A|(Toll-like receptor, TLRs)2} 720]
A EHol W% 7] 811, NOD A} -84 (NOD-like
receptor, NLRs)L RNA helicase DDX58 (RIG-1)9} 70| 3%
A ellA] =7 = Shol7]. AL 3] TLRsH AlEZ
U RIG-Ii= 84 3}=, nuclear factor (NF)-kB HARIAE
Sl AT AR HES RSl HATH7], NACHT, LRR
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and PYD domains-containing protein 3 (NLRP3)E -t
NLRs+= PAMPs %= DAMPs 2} RE-3-310] inflammasome©]
gl =ele 5HE 95 2 FAEYEE A4St
caspase-12 E43}A]7] 11, o= ©ilA Rl AA A
¥ A5 Al)EFRRIN IEF7](Interleukin, 1L)-182¢
IL-185 W=A1Z1TH6).

NLRP3-2 7} 2 47 inflammasome &34 2, ATP,
alum hydroxide, silica 27, urea 27, nigericin == A<,
wpolE| &, Xlgtell ok 7Hedd} 2 vhekst PAMPs$}
DAMPse|| 23l £ s}lti8]. o] 7] NLRP37} o]2fgt o}
& BRIEES A7) vhEA AASEA, B PAMPsS}
DAMPs?] -4 215 50| NLRP3 &/ 3} ojuj gt Ja<
FEA gt A2 A = DidksiA] H3E a9l
9l L T vEZE e Vs deleh 1% 1eh dAdat
2~7} NLRP3 inflammasome 3/Jll 9&-sS Fth= 70|
AIQF= 237, # < NLRP3 inflammasome®]] Q114 n|EE =
glo} oeke] FaAdo] YFH L UTH4,10].

HEFEgol= wEZ ol guto]y A AT vy
(Mitochondrial antiviral signaling protein, MAVS) ©]2}3l &
2 WS 7R a1 LT, o] uhelE A 7hdof] thEl
RIG-I7} wi7}8}= NF-kB &4 g9} 1 #H& 7l A3/ o]
2% 4TS i1 7]l Al Qo) mEEEE]
ofe] Jadof st A= MAVSS) It A7 & o] F
SATH11-13]. 3FAI%F NLRP3 inflammasome} A 3¥AFE
(Pyroptosis) 72| #HA|7} B8] 2w A], NLRP3 inflammasome
I mEFEgotele] wA| A gkl Xy 7] Az
shAth AA7EA] mEFE=2] o7} NLRP3 inflammasome £
A3tE 28k vkt A=271F dsipet), # m=elile
a7 9 7 71dEs aEstaat g

DIEEEE|0f SMatL

NEZEZok= A3 U 9k A 9 ol who
sttt mEZE ol ko] AxdAgAl = AkaE Axke
S| 2 ARgsto] oA E ks, o] AARAE A7t
Az 2-8aehA] ko SgAkaE AE Ul sA4S F
T T/ olAl ©HI). thFe Aol A ATP B
modosodium urate (MSU) 27l ¢J&l 4/d¥ &3 ka7t
2 A0l A inflammasome 8785 FXIA17]= Zlo] w3
= S TH14]. Zhou “5-2] A7-l41:= THP-1 human ™ 2] A3
o4 rotenone®] °J3F m|EF=go} EH3HA 1°] ALt
antimycin A°ll &gt E3HA] 1M19] SAl= nEZEg o]
PN B E FTHAZICH, o] Frkst Ak 9
3] NLRP3 inflammasome®| &g 3}% o] IL-18 A& X
A7l Zlo] #AZEHUTH4] Tt kil S

(2R,4R)-4-aminopyrrolidine-2,4-dicarboxylate (APDC) X+
N-acetyl-L-cystine©. % <} #|A]7]™, NLRP3 inflammasome
SA3PE AAlE = Ao HREUTHI4]. olF Fal vE
Frgote] &/dAH = NLRP3 inflammasomes 2754 ©
= AT As & T T

Zt& Sl (Calcium mobilization)

O Fow B s 24 AREolth AheA e
247 0129 BEL AL U WHYZ2 2

o

t}. ZHgol Z o] EA|Ql BAPTA-AM= 2] 2] 3k tf 2] A
A= LPS, ATP 3= Mycobacterium abscessus 4ol &=
NLRP3 inflammasome /o] &A1= 21tH16,17]. & the <
TollM= ATP, A€ B(UVB), FHl A HE-2]E4] Alo] &
gholAl A E MEA U 25 ol $EF S7HI7IH,
LPSE 2|3t tf2] Al of|A] NLRP3 inflammasome 3343 ©]
H Z7Foka B skl 1820, o213 A AE 3
AZARZ 7%= 24 o9 $7H= NLRP3 inflammasome
Pl T3 IS ks s & T AUTH21,22]

Nicotinamide adenine dinucleotide (NAD*) &t

NAD" ¥ <14ks) mi= 3-9l¥l Q] NADP', NADH,
NADPHT |22 U tAREE-2} o =] AJate]] QlojA] 424
SHES Al 3L WolEols a4 RA F23% TS
SHH23]. ATP 5=+ nigericin?} 22 NLRP3 inflammasome
e 2452 vEZ=g o) 4] gglo] Hu) o] gt
nEZ=go}l =42 AEAE U9 NAD® 52 A A7]
1, A NAD &= nEEEgole] dulRadl o4 &
4 HA4S F7H A ASCSF NLRP3S] 4 w3k 7117
th24]. olgfst A A= mEIZ ol EAFOFE Qs
NAD" 7+27} NLRP3 inflammasome 4315 A7)+
A& HojFa1 Qi

F}C] 2 2] T (Cardiolipin)

s Qe e vEZ ool A9 ek ol
W3] Festn® FAAATE ALYE S iz, 7
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t]egldo] Aol AZ= A APEe sl A3Ee 7}
A3 QAUH2526]. FH: Aol wEd, FiHeEe
NLRP3 inflammasome #HJol% T Q3 ks sif= A}
2o] whsl A i27). R|EZ = olr) by st A7) Hd
7t e gjdo] mEZEg o} ejHo R o]gsiA Hil, o]
2Juke] 71t 2. 2] NLRP3 9] leucine-rich repeats (LRRs)
¢} A A 0 7 AvEElo] NLRP3 inflammasome=- 2Hd 34
7|7 # ) B3 cardiolipin synthase €/J-S siRNAE ©]&
3Fod 50% == SAA 7| caspase-1 2/ 3}e} IL-18 A
A S A T27). olH T A AAEs T vE
FE=glo}o] 7ir] 2 2] o] NLRP3 inflammasome 3 3}o]]
Hofsitt= s & 4 Sk

010| E 7 &l (Mitofusins)

mlo) EFAl 13} 2= njEZEgo} 9ut g gl g g
HEZ 2o} fusionol] &5 S-S sttt mlo] B4l 1
= vlo] EfAl 27F Aojd Ao = v EE =g o} v
A9N7F A QLA vho] EFAL 1 Bt wlo] BSR4l 271 A
ol BFA A= A XA} s o st o, in
vitroS} in vivo QoA BF nlo]EFAle] n|EZ =g o}
fusion®l] T2 AL sh= AE & AUtk [2829]. H2
Aol W=, QJIZEFIARe} WA S v EFE
o} BF S 7HAAlA NLRP3-Flo| B4l 1 A5 NLRP3-
ufo] EFAL 2 AjHS T7HAZ AL, 53] nlolEFFAL 298] &
/d heptad repeat (HR) 1 30| NLRP3%} 35 2-8-5)=
o] WA TH30]. o]} o] mlo]EfFAlS n|EZ =g o}k
°ll4] NLRP3 inflammasome B-del 1o} a3t A -0
= A2 g HARE 428k NLRP3 inflammasome 2+
skl AHACR Aofsh=A= O 2 A77F ZQsith

OJEZ2Z2|0} DNA

A7t} vo]2] 2~ RNA 53k NLRP3 inflammasome2- 2HJ
SPAIITH31]. AlZ2A o A4 DNAY 224 DNAE
absent in melanoma 2 (AIM2) inflammasome=- 2Hd 3} A]7]4]
1H32,33], WAA Al EAFE(intrinsic cell death)ol] &]3) A4
H mEZEol DNAZF AEZAE F9%™  NLRP3
inflammasome®] 2HJ 3}l tH3,34-36]. ©]= nEZE=g]o}9]
Ao 95k o)) sHAIRl3), m|EZ o AFER
o8] A3le nEFE=g]o} DNAZ}F AlEA 2 WEE o] 2H
2] © 2 NLRP3%} A3t3te] inflammasome 348 231 ]
w320 tH36]. RFHZ ethidium bromideE ]2 3Fo] A3 U
n]EFZ=gjo} DNAS AoJA]7]9, NLRP3 inflammasome 2
371 AR TH3). SP1E A% inflammasome 2 3F 71

o 4] NLRP3 st n]EF 2o} DNA W&ol J Qs a4
2 Zg3le] nEFZE=go} DNA2F NLRP3 inflammasome<-

NE 47 MEug Fr @A o 4 otk
MAVS

MAVSE QlE#HE ¥ d2¥ RIGIY melanoma
differentiation-associated protein 5 (MDA-5)2} 7= Al A4
Az AA el Fadt AFAEAITH11,13,37].
MAVS v EFZEgo} Blof] fx]sto] A mef vhkg-
o2} ATP, nigericin, poly 1:C2} 722 non-crystalline NLRP3
inflammasome =2 ¢l 2% NLRP3 inflammasome 2
slol = #od 3t 13,38]. MAVSE M| EFZEgolZ NLRP3
£ 2959 inflammasomeS 3/J3H=H], ojwl] ASC2l= ¢
¢lo] ¥4 NLRP39] pyrin domainthS F Q7 3HTH38].

Mitophagy

] R = Aol A= NLRP3 inflammasome 373 3}
oA mEFZEeole] Fod 2EFA R V5ol A4
F-2e] 31 9131, inflammasome 21 55 SIS ThF
ot nEFR o] Adso] BaEal 9lrk. SFA| % NLRP3
inflammasome &/ 3} SJA|A7]= | EZEEloke] 7]H
of ¥t A7t wF e Aotk AFEARL Al djoll A
AatA] A &9 7IES AR T 5ARL
IO A3e] A FIES A AgEshs #Ho]
7% &t} o]2lst A}7FAE ]S 3-methyladenine (3-MA) S %
A AA] 7] NLRP3 inflammasome®] /o] F7}stci12].

AzAeA 48 v EZEgols AASI L 2Eshs
A7FAEAS mitophagyetal $HH3]. oFES A sHAY
A2E Aoz A AT T8 AP Ao
ZFR1 microtubule-associated protein 1 light chain 3B (LC3B)
Y= Beclin 1 A2 AojA7]9, ATP7E F2 5HA &
A=l nEE =g ol7) &7)3Fal, NLRP3 inflammasome 2] &
do] F7¥sh= Aol W RTH3]. ol in vivo AT-eIX %
28 oS VR, LO3B Bt Beclin 1 29 37 A4
HPZ7} LPSel| o] st U5 Tl w9 Foksel o, o]
AF ] 5 oA Aol A= LPSY ATPell HE-g-5to]
3 A e A A ERT Ik ke IL-189)
IL-180] W& ¥ UTH3,39]. o] AFellM= A7k o] =4
H Az 73S AASHE S8 JEs stk AR
¥k oluy2}, LC3B i Beclin 1 A A7) 2472l ol
AAZoM = | EZEe o] o] FUA vEZE
2ozt e o] UL Bt F o] Iglon Edaka A4

o e 5 2ol BAE L] PH A ArhE
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A Fast AT = Agl6Ll 302 Aol AF ol M=
NLRP3 inflammasome©] Z-7}8}31aL, LPS9} ©12] PAMPs¢]|
i3l FRINke-S vERdo] IL-18 /o] F53FATH39].
0] ‘53l mitophagy= NLRP3 inflammasome 3’3 #|]3}k
=t ol Fed g TS & F Sl

AEFAAL mlolH A st dddt AgelM = Alx
W nucleotide-binding oligomerization domain containg 2
(NOD2) =+#2 3} 77 adaptorQ! receptor interacting protein
kinase 2 (RIPK2)7} mitophagy s 577 &4-E H|ES
EgjolE AARRE Zlo] BrEFIuH40]. sHA%E NOD22}
RIPK27} Aojdl A o= AEF<A}F vfe]e] A 7redell
wf- Fekaliar, Hesh Aol FEE SO NLRP3
inflammasome =3t FA A A ATE in vitro A7l
A% wiE7EA| 2 NOD2 9} RIPK27} ZAof gl A|3Eof|A] &7
¥ mEZEgopt S7keks Zlo] B lvk4l]. Une-
51-like autophagy activating kinase 1 (ULK1)2] <1A+s} 317
< mitophagys ekt Wl ToF IPo|rH42].
RIPK2:= ULKI1 QIAHEHE F318te] A7b 2 ] d4S
kel B4 mEZE=gokE A7 s BrH40l. 95
EE A9 dEelA E4E vEZELE A7 sk 9
3l o gk Ao 7]5do] 2F-g-8h=A]°] thg mitophagy ¥
AT FF Aol 27kse gt 95 A5 WY
2JorAQl Swe A ko] | 0% AR, o] F 9%
EAESHA 71 A9 o 2o Zlo R dddnh

=

HEZE o= A U oliqA] A9 A3, Al AbE
AojiEet opel, 35S Z48kal 53] NLRP3 inflammasome
Al T3t 98-S st Qlth vEFEZ o= NLRP3
inflammasome £33} 2 Ask=t] 3o, A, e
9, NAD" 74, 7h] ey, wpo|EfAl, nESEg o}
DNA, MAVS, mitophagy s Tt 7145 &3 28tk
SHA|RE o} 7kA] m|EZEg|o}ke] Y5l thal in vivo T
oA 8] A7} m gt AdstolH, % off w|EFElobr}
o32] inflammasome % NLRP3 inflammasome®]] 5-°]%4] © &
FHo33}=4], inflammasome &/J 31} | EZ =20} 7|53
of T oJH Zlo] WA douh=4] 52 FAE o HEUE
AT7F F Q3 Flojt

ZAe =

o] w=Fe BAEE 7 EATAANIDe] 25}
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