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f)—H, mtUPR %538 1015 EOR AR - B & 1R
BRI AAEMEE O TS . 4% S
ffad 8, DAOR4EReSob iR S A A A s 7,
Horp, #YKFEHE  (heat shock protein, Hsp) 60,
Hspl0. ZRRIAFIKRTEHE 70 (mitochondrial heat
shock protein 70, mtHsp70) . Z&FifA Lon &5 H M 1
(mitochondrial lon peptidase 1, LONP1) ¥R %
FIREREHS B 2R 11 B E 80 4T S B 1 38 11 B R AR Y
R, ME ARG AAA 5 H A
JEETE] R AAA SR E) I 67 538 bR 32 4 sl A 2 A
W FE, ARSI R R
1.2 mtUPR WiFEEZR
121 RS F5 475 330 mtUPR

TE Wi ZL s ) b i R A £ B (ethidium
bromide, EtBr) 2[4k %K DNA (mitochondrial
DNA, mtDNA) J5, 35| KZRiANA Hsp60 1
Hspl0 K £iA, X—KMEEE T mtUPR BT
JLfih U, JEERAFI R B, mtDNA 584 K4 D%k
e AE 5 5 mtUPR A3 ¢, 7R3 5719 A L2 4k 240
i R R 20 M b, T BT 2R A5 4 mtDNA 233005
mtUPR, Jf il & 305 %% 5% Bl 5 5 (activating
transcription factor 5, ATFS5) {55 i i 1% i 28 41 iy
¥, Zil gt — LRI TR (interferon 1,
IFN-1) 774, SEss A S A% B A% B2 (nuclear
DNA, nDNA) &R . MAh, Lok M7
(transcription factor A mitochondrial, TFAM) k[
/R A 2T A H Y mtDNA N 3807 A 1 i Rg e
PR PTG 28 B L 24 . FEHE A 4k /A DNA
3243 (iR IREAE W H R (m.3243A> G) Z748
() 58 T o B RN 3 DR Wk U5 T 48 B (urine-
derived stem cells, USCs) H &, m.3243A > G
FRAFIKF-R 1) USCs R I 5 BB AATE S F Ty
fig, LIK ATFS f#ith mtUPR Ft& ', Surfeit 5
REFE 1 (surfeit locus protein 1, SURF1) J&4k
PARE WV IS EN, SEAR/NRALL,
R G /NI A AT A 4 A, mtUPR AH
KEE 1 Hsp60, [ A 4o AL ot TR Y 7K fife 7 B
{7 (caseinolytic mitochondrial matrix peptidase
proteolytic subunit, CLPP), Lon & [ fiff i) % ik
FrE

SRR AR BE 1 B B e 2 R A 1)
RIS L mtUPR, H ERRIE K S 10 Fay 140
— BRI, H AL RS e (E G
Py TIEGRD . PURR A (EEWIHHG) fsE

Tim (EAW VARG, v Zeon A be
KT mtUPR. AR FIHL 2 52 0 o % 328 4 7.
R A, ST BOR 43 B IS SR B
SR B2, Wit cco-1 2RI RNA T4
(cco-1 gene RNA interference, cco-1 RNAi) #Fl clk-
1 B RS AL 5 G I, [RIFEZs
5 AL BT WA PR IFIE mtUPR .,
1.2.2 SRR B A R A5 | mtUPR

SRR B 2R 1 B ER 43 A A% iy, 7R
5T A R 28 FR R AR S T i Bl s i 2
BRI, B D8 mtDNA a6 H e kLR
BB A R . 7E A R R % 5 a1 R B A T I
(ornithine transcarbamylase, AOTC) &7 FHAHHL
2 AL NS T i - AR 1 R TS B v e B )
mtUPR "% JRZFFER W], /NP AOTC to nl
PLUOIE mtUPR, IR SE T 200 AR 25 1 A 2 2k 45 X
mtUPR (35 VR 1 b iy 8 AR SR 2
s 2 A M IER Dife, 8l R T4
(RNA interference, RNAi) 7E75 [ FFTk H AR
28 B0 AR PN I &% (v B 23 (translocase of the inner
mitochondrial membrane 23, TIMM-23) #HH/KF,
REL BT P 62 %% o0 g 52 &5 1) 1) B g AT LA iR B35 =
mtUPR ', b4, JH 3 mtUPR [ CHHE 50 T ik
A0 75 26 R4 I 1 438 (reactive oxygen species,
ROS) #1240 M it H Y 26 k0 1k B H Al ik (c-
mitochondrial precursor proteins, c-mtProt) , & 1]
i i Dnal AR S R R (Hsp40) A5G Al
(Dnal heat shock protein family (Hsp40) member
Al, DNAJA1) #3045 AR5 GBS R s
T 1 (heat shock factor 1, HSF1), &A= E
IR SRR S AR AR I R e 5

16 W 2L 3l W Y w28 B 40 i 40 e R (SH-
SYSY) W, & &5 MR HIKEE Y5 E H
(leucine-rich  pentatricopeptide  repeat-containing
protein, LRPPRC) 19 5k 2 5 B b4 i i A1 A%
i G IV WAL AV B e A, I HaX A Al
Jefil A ZRLR mtUPR R ZIR R . [WAE, 7EF5
BRAFZdirf, LRPPRC FEJEE Z P2 (4 2P 1
(multiple melanoma antigen 1, mma-1) AJZIEETE
W HBIE T mtUPR &4 . A AHCHESE S T
PD Z W RERH 2 TR A B | R i ik
AL W T A 1 BE ) T 2 ARy R EOE I F La
(peroxisome proliferator-activated receptor gamma
coactivator 1 alpha, PGC-la) M 1] # 7§ mtUPR,
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T AR 2 A A 15 5 #E 5 mtUPR AF
A, DT ST Z AR B 1 R A A RO
¥, DMRE SRR ReslUs shA i T,

FE 75 M B4 B Y, mtUPR A9 345 225 iy
CLPP $ifT, CLPP BYYIE HBn ™ A 9 2 Ik B
a1 ks BILRRIN, BlF XL
BR A BEAE A B rh Tz i Y . BRI 2 RS
ks &R hid% (basic leucine zipper, bZIP) Fjk
) 07 T VR e s TR

(activating transcription

factor associated with stress-1, ATFS-1) & 44 H.
YER, HEm il — RIUE S PR > Z R
5 (ubiquitin-like protein 5, UBL-5) #i1[A] i
ZEF L RIS R A B ISR T 1 (dorsal ventral
organizer 1, DVE-1) Z G454, MG HHIC
PHREA S E B IERRIL, Dok &
HFfaZs . MAh, LIN-653E M . H M 2
(methyltransferase-2, MET-2) £ 15 mtUPR f%%
TS R P U

W, MET HubErrLd, wElshyh
[ mtUPR {55 5-%% AL il e B o Oy 52 2R i) e ik
H W RE AWM. A 8A R, XMWY A AE
mtUPR {555 3 HLH 2 HAFE & =S (F
1) o i L 2h ¥ v d5 2409 mtUPR 4 4% [H 1 J2

Fig.1 Regulatory mechanism of the mtUPR in C. elegans and mammalian cells
E1l ZHEEEEMEEAERERTEEB KM EELH
LR PIER GO ATFS-1 @ AR KA, YRS ARSI ZOR R BB IR, ATFS-1 3 AANMEAX, 51N Y FEBE % . 46
BARZEOG, MR RITSE MR, SRRSO TI SIS ATFS SR5% s N 7if A4, 78 INK2 SR 1EH
T, CHOP #l ATF5 &4 55 {2 HE 4 fiA% M Hsp60 . Hspl0. CLPP G iR, UL il AR R TE RS IT S MR, 45
LERIR TR R Fa A . ATFS-1: N G #% 5 I F 1 (activating transcription factor associated with stress-1) . ATFS: 3G 55K F 5
(activating transcription factor 5) . ROS: %1% 3¢ (reactive oxygen species) . C-Jun: ZliJfd Jun J5J% 3L K (cellular Jun proto-oncogene) .
CHOP: CAAT ¥k F45 & I EPHEE T (CAAT enhancer-binding protein homologous protein) . Hsp60: K74 160 (heat shock protein
60) . Hspl0: KT8 110 (eat shock protein 10) . CLPP: [ 25 [ £k ki 4 3k it ik i 1 7K i U B0V (caseinolytic mitochondrial matrix
peptidase proteolytic subunit) . FLrft, Z1 (4[5 CFRATFS- 1 s LRI ANATFS, 2 0[5 Bl 3. ATFS- Vsl G W] U5 0 A% N R H 2 s R 4

DI REIE A BRI T
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ATF5, fEH} ATFS-1 BYFIER AR, R —FZL
BAR S ARCRIEE B bZIP 5% 55 K7, 5 ATFS-1
TIReAIL, Jf HRBEAALRARE P8 > BR T
ATFS5 4b, AT PP bZIP G005 i 53 DA - N 0 7
5t ¥ 4 (activating transcription factor4,
ATF4) Fl CAAT 3§ 58 7 45 & & 1 [ I & 1
(CAAT  enhancer-binding protein  homologous
protein, CHOP) [FJ#:Z15 mtUPR 3Gt 2 27
X 3 AN s PR 1 1) 3R 8 ORI R B N IS
(integration of stress response, ISR) =45, 4553
SR AR RS R AT S AR I R Y DUBRE
SN il v F (silence information regulator,
sirtuin, SIRT) FRMGAE LA A o s ] B 4ok
RLEY A DI RE )T R WTEMIFTE M E, %Kk
(1) SIRT1 AT A0 MIAZ . 20 it o B o P AR v
& H AT O AR b E mtUPR SRS
FE = 1 —A4rF 2, SIRT1 ¥ mtUPR A P 5%
WA, H—402 SIRTI it & £ Wik SCRHEER
O (forkhead box O, FOXO), UNZk Hif) DAF-16
e s P B i FL 3 B B9 FOXO3 Y, e it
FOXO #i#507, #4% mtUPR $EIE[H  (Ang s A fk
fREE M Hsp60, Hspl0) MYKIA, PR E,
I3 I) 1 5 NE AR s 8 — % J2 SIRT1 &% Z Wt fk
PGC-la, M5z SE R4tk (i +
RSB EE R AW EL) Mk, IR LRIRE A
s Pl

EAOFTE &, Z R ARG B R  (non-
coding RNA, ncRNA) £ 5 mtUPR ¥, Kk
Y 15 ¥ B #% B2 (long chain non-coding RNA,
IncRNA) U4 IE 4w RNANDS (IncRNA NDS5,
IneND5) . K4 4 i% RNA ND6 (IncRNA ND6,
IncND6) . K HE 14 fih RNA 41l b (IncRNA
Cytochrome b, IncCytb) A5 TLARLARM T, K
P FIR R, SR BN . FRSE Y A T
Wi G, MR AR R 5 Y i
RNA (microRNA, miRNA) 1 miRNA-382 £ 5
Wi 2 R A 5 20 B A =2 [) 2 1 o ki P, 0K
miRNA-382-5p 7~ Lo B AARAZME AR HE 11 AT B B
FIRYSEAART, IXFPROVAEBES nDNA Al mtDNA
i i (1) 2 AR R 1 2Z R SF- 5 F1 Hsp60 2 1 7Y
%S, $% mtUPR AY3E B0

2 mtUPR 5#HZTRITHERIXR
Z R 2R TSN, 35 AD, PD, HD Al

ALS, HA—EIRIAREILE], O TN
B RITEE R R R, X e AL [F] 5K )
TR AT R R P AESh i
AL R K R IR S, AL
ey ) I T SRV 767 NN e R TR E 2 VA N 1
SEME Y, SRR e kA R T 4R
g, HTRes DR &AM R . 5Tk
WY, FEgid B Sl B NEL O AR A Y,
% mtUPR 518 525 2 iR B UIAH G, mtUPR
AT DL Bl ok 5 o 2 3k e v o R 7 ) Bz S
J1, WEHEAMER ROSH &A% (£
1), it mtUPR AJ GEFEAS [RIFhRf 28R 17 5 0 1Y
KRR R IR ER
2.1 mtUPR5F/RZEEE

K 40 B A s B IEM AR SR 1 (amyloid
beta, AB) 5 40 M N BY E M X EH
(microtubule-associated protein Tau, Tau) #1485
YR g 25 % AD 1) E B ERRE U, IR R,
R IARTIRE RS AD UG St Bem VA oG
2 VA 2N R V5 2 ) RIS YA NE= W A A IR G
mtDNA [ B ik ' &34 2 5 AD ) & 4E & e
TV, X EEZE R R TR RS i A 2 R BRI AR
AW IA, dEmG| & a4 A B g A st Y
SRR, RIILARAY)RERERTAE AD A Jw L
it R EEEAEH . 76 AD h, TERFHERTIARE

SR =N

FH (amyloid precursor protein, APP) [1) 5 (5
K] 2 A Y AR AR S TR AN 1 i 5T rp AR
R IR T LRI, T U E P E LR AT
WU R LR AR s a0, T fis
FACRIR RN, FEERIR . K ROS Sk 4
08710 2 7 ) S 0 T - O 4 ) R 24 7
I, PRI mtDNA, 188 A Sk 3R L S5 R
Jd A B R N, B | & Lk R RE AR
B RIS, BESE SR Rl mDNA B 2 il
Jo3 R VT I B R - AR R 5 iU (cyclic GMP-
AMP synthase, cGAS) /T #t & 3 K #] i A +
(stimulator of interferon genes, STING) i %, fil
RTMERA !, X AR 2l R BEEGUIRA
A3 R 5 S B T RE A, BRI R iR
MR T E SR E P ST . AD
mtDNA $5 17738 135 480 A0 D7 - B2 S0 X — 0 L
TR INR A 2R TR AR

HtrA 22 Z IR Ikl 2 (HtrA serine peptidase 2,
HTRA2) . TZARARNE R] s, 20 i b A = 4
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F1 FEYF ND £HEE R mtUPR W R R
Tablel Research development of mtUPR in ND models of different species

WFh P mtUPR {1 E DTN
AD /D 4 L P R ABITAR fa1-42]
A PD R 2 P AL SRR T e S R A Ff 7 (23, 43-44]
HD R LR B SIS i, AERF A AT 451
ALS /> 9EAFCHCHD10 53 TDP-43 25 14 88 [ 17 A FE AR L46-47]
AD /A N B ABYTAR Las-49]
M PD Wbo-syn R, GFfkZ CRZREMZ T0IR Ik,  BRARE  N E Ak RHOK T s0]
HD /0 FAFHTT 5 8 2 A 2 3 HERH s
ALS FEENAD R, 15 BRRAZhSOD 1 #f PEER A, 4EFF TN/ 2t 4i it (s2]
AD TR AB B Z T B PR IR R AR 4524 (3]
g PD g% L Re M 2 TTiR 1L [54]

HD U9 22 AR RBERL S A UH T

[55]

ALS Thi L2 R R BT, S 2ok R i 4

[56]

AD: B/RIUFEIN (Alzheimer’ s disease). PD: WA4: A% (Parkinson’ s disease). HD: FALHEEEEHK (Huntington® s disease). ALS:
WZEFR M Z i {b5E (amyotrophic lateral sclerosis) . AB: BIERIFEEE 1 (amyloid ). CHCHDI10: 4 [H 5 - 15 -6 11 MR - AR 205 oy ol 2
110 (coiled-coil-helix-coiled-coil-helix domain containing 10) . TDP-43: TAR DNA %5441 43 (TAR DNA-binding protein 43), o-syn: o
5 fil % A (a-synuclein) . HTT: AL A (huntingtin) o NAD": A0 i B 205 — 4% B2 (nicotinamide adenine dinucleotide) .

hSOD1: JiBHE LI kEE 1 (human superoxide dismutase 1)

TR AR E A AR, It & mtUPR () —4>
FHEPHEE T, B2 HTRA2 8% #3457 HTRA2
(471N FRF B MR A 2R A 7 2R 00T St R RIS ) B0
AT IR REMLAC AT BT , & B b A 22 54 R 2
fitt HTRA2 J&:#EZ8 AD fOfR I 1 17

SIRT £ 4 #IE 5% /& mtUPR (1) 5 229 45 A 1,
[ i3 20 AD, PD. HD %5 2838 £5 M5 i i
2, B SIRT 2 5 #h 2B 15 P i 72 i HL I A
ANUERE S R R, AL R PD LRI, R
RNA TR sir-2.2 # [1/SIRT4, &P a-syn &£
%%z 1 (dopamine transporter 1, dat-1) 1
FEEKOFHIBEAR, SILFERT, mtUPR (/K57 2]
FHRAM ] 7

WAk, FEEPOAIE AD EEXE R %, £
Bl N IE 8 B, GRS i
WraR o AT I AN, AT AR
AT R, XA EATR AR AR SC LR (A 1)
RERIR UMUK . TEE LT, miDNA RS
R, SEERRIRTIBE TR ™7, HAEREE Lok
RARERIRD, FREZPERAR TR | A
PRSI AR AR R AE T AYE S Y. FE AD 1 R
R EE, TSR ZR AT RERIR 5, R
h mtDNA ZE28 B8 A A 0 | 72 11 LAk R K
This 7, e E AD $#4:5] % mtDNA 25 5
UIRee Az, (ROKSIHLE] . AR TCARIE K s BRAL N A7 7E

AFEZEN . T FEN mDNA P72 24 3
PEHEIR A, S AD 19 & AR R OE TR ERELRE , M
AD ) mtDNA B8 2 BRE | fin s P i) 4
W07, S AD Jj B HERE (9 E B AR 4> . 2R R
SIHFLsh R, mtDNA f5 58728 5Kk Fr Bk g £ i
& mtUPR, 8ot B8 27 B FHER I A=)
G %, T mDNA B85 58 Hil3E ", it
ff, mtUPR % mtDNA AJEF 05 5 KB4, +F
2230 1) mtUPR 2 2 i 55 % mtDNA (193858 5
P,

TEAD RYLE R AR i3 IR E3 12 K i
FEM SIAH-1, e H 5 E292 ZR &8 [E VR
- F SN F DVE-1 15 48 i i 2 iR sk 5, i
Py 2 Rz 2 AR OB R B A, DT IR
mtUPR. DVE-1 WIREMEMIEIT Ap RAEFIL KAL)
REREAS, e B3 2 F % #: SIAH-1 skad ik
DVE-1 NI gk 58 bR Fa s, Wik AB Bk 7,
FAMFR RV, 1 FEINE AR AL R R |
755 mtUPR A OCHERG S K F ATFS-1 X F4ERr ki
I I B A LA @R 2O H 2l 2T AR
0 ) SR A B F Al R e e A% % (nicotinamide
riboside, NR) % NAD" #4585 7] L3458 mtUPR 1
LRR A mE, WNMECEL R aine ) . EKA
v, IR AR B . KR, 7E APP/REE |
(presenilin 1, PS1) AD #FEH /N H, NRIGIT
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REDSD KRR i AB BEHR, BERIEEGC, 7 W5
FW, AP RESHIRLRRIIRE, 1020 i ok
i mtUPR FNZRLIA F 05 55 W B e AT A, 4
5HR A D38 F FE 5 AT ORI mtUPR A &K f2 iF A B
file 75, DA SE 8 9 R 1 AR K R . SR OC T
mtUPR 5 AD A [w] i A BV A 22 [] 1) B 422 DG Ik
PEMTFE—PARE
2.2 mtUPR5IAEFRIR

PD Y35 (&1 5 SRR AR SCBE R 98 AR B UIAHOC
AL P LR ot 42 ] 1 % i R, 4 PTEN
1% S4B 1 (PTEN-induced kinase 1, PINKI1) ",
M 4> %5 [1/Parkin E3 1z % % $%/## (Parkin RBR E3
ubiquitin protein ligase, Parkin) " K 14 ~£& fi {4
Ty BE FE Y 30 PGC-1a 3% £ J& PINKI1 Al
Parkin 27515 K% PD 19 EZ 5, PGC-la
(43t 35 T RE S0 mtUPR, i3 LRPPRC 55
e U AN, N TT4ERFZORA RS
H8E mtDNA,  Fo AR K45 &% DNA i 1515 5
I 34 (growth arrest and DNA damage-inducible
protein 34, GADD34) "' iy {5 HE R A W] BB & 4
K mtUPR 2872, I F T 0452 1 B e S 4
HEANIEXT PD & JFEAHEDT

AR L EE R H 5 PD Y R A R JBA
ORI, W AL RS S 1A ) R R A
AAYITE Y E R, RS ERZORAR DI RE AT AY[R]
i, WEMRAIAES mtUPR % AN, Lkifk %k
A2 Y Z 705 PD ARG D BESI5 1 AT 5 2 mtUPR
WE o TR PDARRI R, L PN 55 N AT it
IR o-syn K HAl5 PD A G Lk B 5 AR A, ¥y
HELAES mtUPR OB S, AL, a-synid ik
1 ATFS-1 28755 [ (1) mtUPR 25 -t 7] B ] fn ) 22
CLERERR 24007 1

f£ PD ", SIRTI i i 2% £ Wtk PGC-1a, 4
FERAR AW, P a-syn IBERRILKE, J155
mtUPR i %, DL UL K 98 5% o -syn i PSR 4 ),
SIRT3 7] | iHL kiR H WEAKSFE-, XL a-syn i S 1
LR AT REREM, FB, TREEREA
(cyclophilin D, CypD) M) ZBEALIK T, W5 2k
R R AR A5 A mtUPR " ¥, SIRT2 J&
—F NAD M 25 SR, I SR SIRT2
A RS 1 4001, 2, 3, 6- DU AN
(1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine,
MPTP) 751 PD /) LR BT 2 1 i RE M 42T AE T

Iz s REREAT , XF PR DA 2R Ast A% R R BT 2 PD
YA PRAERT ™, SR R4 2 s I RE
i 3 mtUPR 38 % i TG IR . SR AR B 4 il
P& PD AZORRE 35 2 0E mtUPR 1 5 2ok,
RS AR H R, A TR a-syn T
ANV LYW

2.3 mtUPRE ZEHISEEERK

HD 95 A 2 2 1% 5 8 0 2 1 10 6 D9 v o
CAGEEJFHY I, FERmBENNZREH
ftf% (polyglutamine, polyQ) J¥¥l &4 it . Hf
FERW], HD HLLRARNREAA TR VI KCHR . S A2 1Y
LR FE 1 (mutant huntingtin, mHTT) A9 polyQ
ZERI 5 8 I 1 (dynamin-related protein
1, Drpl) 54, it Drpl fEUFLk A 4322,
SR S T GO A6 S s Y AE
75 W B A2k i HD LR rh Qs 40
Tk e 5 KL 1Y PolyQ TEZ KL [ REERT, 23T 5-
2 0 e AR A5 B mtUPR {5 5 18 % L 4 45 2 (A AR
A, MBS TR 1 mtUPR 55 18 B ) 23
fiX polyQ HYSRAEAREE . MIAEMHFLENY)0Y HD W ih]
B, ATP 254 @& ¥ 8 1 B WK R 5L 10
(ATP-binding cassette subfamily B member 10,
ABCBI10) il id % 5% [ 7 CHOP 4l ] mtUPR if
2, TEHD 4H i Al h, SRR R (o
Hsp60. Hspl0) 7KF- 4 FEAR, 4878 mHTT A GE
T AR R AR, ] mtUPR Y
W 2T RN, HD FUIBE mtUPR 455
LR AR RS AR PR, HD I3 mtUPR %%
Uiy S YT DO A B L BRGSO AT L e B A
Pio P, 34 mtUPR ) FH5E PR 4 i wl/ N o34k
EYROE A E B, BT e UE mHTT i Bk S 2ok i
FIE, A5 54 HD BF5E SR (s %

2.4 mtUPRS ANESHM RENAE

ALS 22— M T PR 2R T, HUARAE 2
HHE . ANz sl L Rs s aon g iR, &
LRHWATC T . ZRFRER Y SRR T RgRE
BHTE ALS A 95 HE AR v 4y 0 3 DG B A 8 1), i
mtUPR AE Ay 4 10 X5 24 67 442 107 380 1) 328 1 P AL 1
5 ALS YK HE R R DIRAG .

WF5E R, ALS 1Y SC 5 BELEE 1 TAR DNA
4545 11 43 (TAR DNA-binding protein 43, TDP-
43) W] LAYE S EORAAS 1 80 mtUPR 7 % A
ALSHR/INEL T, NAD® (R4 FE8 2 B0 AT LA 2
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ZRAT RSN, TS I ER A mtUPR 55, M

B AR AR A ARSI e E AR P R A
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Graphical abstract
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mtUPR is a double-edged sword in neurodegenerative diseases.
Modulating mtUPR appropriately may offer novel therapeutic strategies.

///j O P \

/ ATFS-1/ATF5
CHOP

| False folding proteins |‘

mtDNA damage

Mitochondrial
structural damage

Harmful mtUPR

Abstract As the core hub of energy metabolism in eukaryotes, mitochondria participate in a variety of cellular
activities, including metabolic regulation of the cell matrix, apoptosis, and the activation of signal transduction
pathways. Their functional status is closely linked to the initiation and progression of various diseases.
Neurodegenerative diseases are primarily characterized by the progressive loss and dysfunction of neurons, and
mitochondrial dysfunction is considered one of the key triggers in this process. The specific mechanisms by which
mitochondrial dysfunction contributes to neurodegenerative diseases have attracted widespread attention. When
misfolded or unfolded proteins are detected, a process known as the mitochondrial unfolded protein response
(mtUPR) is activated to promote proper protein folding or degradation, thereby restoring mitochondrial function.
As a mitochondrial stress defense mechanism, mtUPR primarily regulates the expression of nuclear-encoded
genes, such as chaperones and proteases, to alleviate mitochondrial stress. Studies have shown that, in addition to
misfolded and unfolded proteins, other mitochondrial stresses—such as mitochondrial DNA abnormalities and
reactive oxygen species (ROS)—can also induce mtUPR. The biological functions of mtUPR extend beyond

mitochondria and are crucial for the health of the entire cell and even the whole organism. The mtUPR process
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involves communication between mitochondria and the nucleus, a phenomenon that is highly conserved and has
been observed across different species. Abnormal activation or inhibition of mtUPR is closely associated with the
development of various neurodegenerative diseases, such as Alzheimer's disease and Parkinson's disease. An in-
depth exploration of the dynamic regulatory role and molecular mechanisms of mtUPR is therefore of great
significance for understanding the pathogenesis of these disorders. In addition to neuron loss, neurodegenerative
diseases are characterized by the accumulation of misfolded proteins in the brain, including insoluble fibrils of
amyloid beta, phosphorylated tau, or a-synuclein. While the molecular pathways of mtUPR are largely conserved
across different diseases, the possibility of differential regulatory factors cannot be excluded. Although mtUPR
activation is predominantly recognized for its cytoprotective role, it may exert deleterious effects when
overstimulated or sustained. Chronic mtUPR activity has been linked to mitochondrial dysfunction and increased
neuronal vulnerability, contributing to the pathogenesis of various neurodegenerative diseases. This review
summarizes the fundamental concepts, major inducers, and signaling pathways of the mitochondrial unfolded
protein response (mtUPR). We focus on the intrinsic relationship and regulatory patterns between mtUPR and
neurodegenerative diseases, providing insights that may aid the development of targeted therapies. Finally, we
discuss the challenges and future directions of mtUPR research in this field, aiming to pave the way for new
therapeutic breakthroughs. A major limitation arises from the experimental models currently used; most findings
rely on model organisms or cultured cells, which cannot fully replicate the complexity of human neurons. Future
research should therefore focus on three main directions: (1) defining the molecular switches that determine
whether mtUPR acts in a protective or detrimental manner; (2) elucidating differences in mtUPR molecular
pathways across various models of neurodegenerative diseases; and (3) establishing robust biomarkers for mtUPR

activity.
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