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(KRBT 2EBiiz shig b, K 301617)

WE SRR fE B AR B XAl S5 2R aniaigsh, ATy . i B S Rl
B ST B, HAREPIRES S 2R i & A Rl RE UM E . AR TP A& ot A Tt 50 F T e 15y 32
FURPRRHE, SRR RERERF A R HE BB — . bR RTS8 AN (mitochondrial unfolded protein response,
mtUPR) VENZRLAR PN —Fhn; S B ALE], F 2@ 0 B 2k, SR aF A T =& 2R 1 0T A T AR e o
DAAERF R TE (UTURRES, (RAEAIAE Ty A PR A I F AR BREEIRES . mtUPR 953 5 006 sl il 5 BT R i R . A4
FRIR 5 L PP 2R 1T 10 e A e R UIAH G, TR AR S mtUPR 19 sh 25 4R F AR Z L6 23R 17 i 1
SR A o ACLEA T mtUPR EAMES: . FEE SR EZME S FME, E8%97 T mtUPR SHpgaR 1
PRI Z R N AE G R SRR, A1 T 2RI MR e Tt & . e, ASURE T mtUPR YRS LR Al 2R Tk

PR PTG PR T AR, B AR EB A T PR ATl BT ) 5

KR LORRINRERERT, LRI EE AR, MEIBITTRION, PR, PR

FESES Q256 DOI: 10.3724/j.pibb.2025.0406

PRZIRAT PRGN N S A e ™ B g, 7R
i, HEHAEE BTHER . XN LI 2T
(A3 T R SO DB i R R e, TR s T BT 2R %
2RJ%G  (Alzheimer’ s disease, AD) . WA 4 FF 9N
(Parkinson’ s disease, PD) =R e
(Huntington’ s disease, HD) Fl Il Z= 45 ] 2 i 1L
(amyotrophic lateral sclerosis, ALS) %5ZFpZEAl
T, AR T i R 9 B AR rh e it
T PRI NG R R AN 5 TH o XSSP I A LR
MELATIN , 95 M ZFh BRI i S R, b Aok
RDIRERERT AN & — DB R . Db R —
AR AR e R A AR 2 A AT B A%
L, BRARDNRERE AT S A B AHOC, iR
S ZaBATHESO . IE S 2 RN B K A A
KIR  BHIL, ERREORAAR Y D) BERRE T X T4
M TS AR IE H A B ReAE W 2. BEETE
75 W AT 4k b & IR Aok A B 11 B 45 4 S8 i f
KB PR LORAR R YT & B B (mitochondrial
unfolded protein response, mtUPR) 43— #Liil & i
P78, mtUPR# B 7E SRR D) g M pf 22 aR A7k
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PR BIME I B g e I, RSO R E
UEAF AN A A FE ALY v mtUPR S #0743 ML i (4
FEHERE, IR mtUPR £ 1 2B AT P e A=
KRR THLH o

1 mtUPRHEA

1.1 mtUPRIIE X

AN BEEACEPR O LR MU, BRI N R
& ST ENER TR 2, Sk LRIk
WL, FROUmtUPR, 5 7EAL BOTIR B o 85
Y RLORLAR T AR FETIRE . VRN LR A BT 45
() —¥F, mtUPR 3= %3 32 175 T 4R (A AR 45 1 AN
e RIURE SN & TN et e RV = N N 2
fife sk FE, DR AERF bR 1 BT AR 7
w B K [ RB 4 (32200486) , KT # % AL BF I H
(2025KJ157) M K Ik F 4% BE 7 F #4000 R F 4E 2 5 A
(24TYQZ002) ¥Hi.
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Hrp, #YK7#E 1 (heat shock protein, Hsp) 60,
Hspl0., ZkiR KR 50 8 1 70 (mitochondrial heat
shock protein 70, mtHsp70) . Z&ki {4 Lon £ F /i 1
(mitochondrial lon peptidase 1, LONP1) Z§f{f1H%E
I RE RS S B 8 15T IE A 4T S 01 b7 188 1 SR AR A Y
R, T (E 2R A AAA B A
JEETE] B A AAA ZE ) )67 53 i R 52 40 3 AT B A
BRIVEE BT, I HAEZRAR gL R

1.2 mtUPRHEVIFEAEZ=

1.2.1 SRR EF 45 1 T BmtUPR

e FL s Wbl R Ak £ 5E (ethidium
bromide, EtBr) 2§ 4k ki{& DNA (mitochondrial
DNA, mtDNA) J&, 2351 KZRAA A 1) Hsp60 Fi
HsplO RitZik, X —&IBLE T mtUPR IHF5E 5
il 1O SRS AP, mtDNA (128748 K P4 DUELY
SR 5 mtUPR A O . FE 3% 5 09 J AR 21 4 4t g
FVJs A M b, ] BT AR 3R 04 mtDNA 23 G
mtUPR, Jf il i ¥ 7% % 5% [N 5 5 (activating
transcription factor 5, ATFS) {55 i 1% i 2 41 i
¥, ZEgiHE— LS 18 TP E  (interferon 1,
IFN-1) 774, R E B A% 2 (nuclear
DNA, nDNA) BRI, Ak, Lokiidds AT
(transcription factor A mitochondrial, TFAM) k[
/N BB 0 22000 A0 M TP Y mtDNA R 185072 Az 59 g 78
PR B A 2R T L 250 Y AEHEAT 2k 1A DNA
323 (I H IR SR (n.3243A>G) RAZM
o B HE B PR ORI T4 (urine-derived
stem cells, USCs) H1 & B, m.3243A>G ZA5 /K-
R B9 USCs I 50 i b AR S MThae, LM
ATFS i PE mtUPR FH i 2, surfeit JERE R A 1
(surfeit locus protein 1, SURF1) JEZRiIAE 59
IV EN, SEARNAHL, 2R R
/N BRI ARG B £F 4k 40 M P, mtUPR AH ¢ & 1
Hsp60, i & [ 26 br 14 56 5T K il 1% 7K ff 37 B0 A7
(caseinolytic ~ mitochondrial peptidase
proteolytic subunit, CLPP), Lon & H Jff 1Y) % ik
g .

LRI AL B BE 0 R B B TE 2 PP A= 1)
A5 R mtUPR, HE 2 BRIER S 1) F i 1
—SERFE R, AR R R an ta R (A
PR . PR A (A IGR) Mz
HE (EAY VKR, w5 F LR AR ) e
K5 F mtUPR, FLAE ML E 52 fE 4% 338 55 T
e AL de, P S BOR 1B ST SE AR R T

matrix

5L AR —8W R, il cco-1 FEK ) RNA T3
(cco-1 gene RNA interference, cco-1 RNAi) #l
cli-1 BN AR B T s Z i T, [
FE2 5| A ZH 2N AL YRR TS mtUPR.,
1.2.2 SRR H B A R A5 | EEmtUPR

SRR ) 2R 1SR HR 43 P A A% i, 7R
LIS 5 BTS2 FR R AR S T A E R i i 2
BAARP, A EB5 e i mtDNA g i H7E 2867 1
BB o E H PN I % A TR B G R B T
(ornithine transcarbamylase, AOTC) ARLIZR A7 A KL
Frrh A B R A EA, 51 R Z1AY mtUPR M,
JR W ST R B, /N B 9 AOTC W i) L i
mtUPR, UESE 1 SOk A 11 RS 25 2K A7 4 mtUPR
HOR7E R (B AR I 5% A N v = 8 D s PO L 0 e A
Fris i 2 AR E R Dhe, R TR
(RNA interference, RNAi) 7F75 I FtfTk H A%
28 kAR I B 47 ¥ 23 (translocase of the inner
mitochondrial membrane 23, TIMM-23) /K,
REL BT P 62 % 1o T 52 55 ) 1) B e AT LA ik R 35 =
mtUPR ', 4h, JH 31 mtUPR ) G35 540 18
£, 45 2 B0 AR 75 7 4 38 (reactive oxygen species,
ROS) A 48 B BTt By £ w0 1k & [ AT Ak
(c-mitochondrial precursor protein, c-mtProt), EAl]
it it h Dnal #AR 73 H K (Hspd0) B Al
(DnaJ heat shock protein family (Hsp40) member
Al, DNAJAL) 30053 XG5 GBS AR v [
T 1 (heat shock factor 1, HSF1), FEiH4EHLEIf:
Je BNZRLAR AR AN B B A A 5 21

TE IR FL 20 W) 1 fl 25 BE 20 R 40 B &2 (SH-
SYSY) W, & &S R K & P 5 H
(leucine-rich  pentatricopeptide  repeat-containing
protein, LRPPRC) HJRlIR 2y T B ORI S i FlA%
i i G W IV WAL AV B e A, I HaX Al
Jefil R ZR/K mtUPR RS R . [AIAE, FEF
FakPLk i, LRPPRC FESEH ZFp 2 (5 KRB 1
(multiple melanoma antigen 1, mma-1) FJIIHEHEK
WHEVE S mtUPR i & A 2 A AHCHFSE ST T PD
Z D REREPN 22 JURE IR AL, iR 3Rk i Ak
Yy Wi R BG 5E W BT 2 ARy BT T Lo
(peroxisome proliferator-activated receptor gamma
coactivator 1 alpha, PGC-la) H}AJ3#7% mtUPR, i
it LRPPRC {555 R psl DA AL e A, AT xS
R B AP R
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1.3 mtUPR KESHE

ARG QMR Z WA AR — R Al g Rl 5
ML, FROMZORAR- AR IR, AL 3
i 3o ZRORL A 2 20 A (4 1 538 5 mtUPR 1915
A, DT ST Z AR B TR A A RO
¥, DMRE SRR e slUn shApa i T,

1575 I BAFTF L AR Y, mtUPR A8 # £ 2
CLPP#if7, CLPP BYYIE H s 7™ A 1 2 Ik A B
W a 1 P s BN 2R RSN, BlfRixXse X
JR R BEAE A LB b 7z e P BRI 2 IS
ik R R hi%E (basic leucine zipper, bZIP) Fjik
Y N 3 3% % % I 7 1 (activating transcription
factor associated with stress-1, ATFS-1) &4 #H H
YER, i fil ke — RAME S HIR L * . 2 R
145 (ubiquitin-like protein 5, UBL-5) F[a]J54k
P B2k U I il & B IR E I F 1 (dorsal ventral

organizer 1, DVE-1) B&W454E, MG AH %
PHBE A SE AN R, DIgERrZohi ik m) &
F R A . BLAh, LIN-65 & . H L5 R i 2
(methyltransferase-2, MET-2) 325 mtUPR () %%
SRV LR 2

R TN, MR THmEATLN, WElshyh
() mtUPR 5 5 7 L e B0 B8 o 52 2= A R 1k
HiARE2 WM. A2, XMWY R
mtUPR G 5 % R WHLE Z HAAAER ENES
(1) o ML 3h# b fie 209 mtUPR 45 5 1 2
ATF5, fEH ATFS-1 Y [RJEE AT, Bk
RIVRG ARCRIAEE I bZIP 7, 55 ATFS-13))
AEAHAL, JfF H B bRy g >, BT
ATFS5 Ab, A W Fh bZIP 52 2 53¢ R - I 0
5k -F 4 (activating transcription factord, ATF4)
I CAAT 3 5 7 45 5 & H W IR &H 5 (CAAT

VA i)

Fig. 1 Regulatory mechanism of the mtUPR in C. elegans and mammalian cells
E1l ZHEEEEEMEAERERTEE B KR EELH
RAUTIE RSO R ATFS-VERAESRAR T, MoRYr & B I HERR s LA ZR AR IR, ATFS- 1 AR, 5 I REARR 1 PR L 5t . Zokn
EZER)E, MERITSE AR, SRBERIRNE RS T E, SIRATFS SR st AU, EINK2IE R RER T,
CHOPFIATFS %% 5 H ¥ {2 40 MU A% A Hsp60 . Hspl0, CLPPAFFEFBTAYRL, XM BTk ALRKA TSR IR IT S EE, deRedons
KRR R R A . ATFS-1: N3G 4% 54 71 (activating transcription factor associated with stress-1); ATFS: JG %% 54K F5 (activating
transcription factor 5); ROS: I%§PE4HJE (reactive oxygen species); C-Jun: AHfifdJun/FfE LA (cellular Jun proto-oncogene) ; CHOP: CAAT
R T4 G E HRIVAEH  (CAAT enhancer-binding protein homologous protein) ; Hsp60: #HYAFEZE 160 (heat shock protein 60); Hspl0: #it
RFEE 110 (heat shock protein 10); CLPP: i 2 |1 2k R4 L 5T I Bl 1) 7K fiff SIE 5402 (caseinolytic mitochondrial matrix peptidase proteolytic
subunit) . HeHr, 2160 R P QRATFS- 15 [RIIR P UNATFS, 25 (0[5 P81 36 ATFS- 1l HL [R5 ) 76 4% P R 442 0 S i 2 4 FH B D) R 2 o [+

T
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enhancer-binding protein  homologous protein,
CHOP) [HZ5 mtUPR HE R 27, X 34
SR 1 3R 3R Y8 T4 5 RO Y (integration
of stress response, ISR) =Y, 455 0Rm/ D4k
RN A DT B 2 1 BT AR Y TOERAE B
¥ (silence information regulator, sirtuin, SIRT)
FIGEAE VR LA BT 4% 1) S bR A= )2 D ie
T HATTEI B E, 50 1Y SIRT1 K IATE
AMMRZ . AR ER BT ANZORL AR D, R H AT RS
B 51 P AE mtUPR 45 3 A5 vh 2 5 B de v 1 — 4> 03
- 1 SIRTI ¥ mtUPR A M 448 . Hh— 40
SIRT1 i1 2 LWL L HEFE FH O (forkhead box O,
FOXO), gk dLf¥) DAF-16 s R+ 0 | IfiFL o)
P FOXO03 Y, {2k FOXO M5 47, #i% mtUPR
FRSEIN (IR FEAR 2 11 Hsp60, Hspl0) Ay
ik, G TURE, RGN A
J& SIRT1 2% Z WAk PGC-1a, 385 4% 5 K 45 A% Ay £
RAREE (LSS G 1Fesk, Ik
EARRE A s

WA &, Z R AR BEZ R (non-
coding RNA, ncRNA) &5 mtUPR JH#% ., KiEdE
Y B A% M AZ R (long chain non-coding RNA,
IncRNA) WK 55 1% RNA ND5  (IncRNA ND5,
IneNDS) | K % 9F 4 s RNA ND6  (IncRNA ND6,
IncND6) . K 5 E 2 i RNA i i 2 b (IncRNA

cytochrome b, IncCytb) & TARARM T, N
i G =S T A B U - I ANLVR 0 N (2B S Y
W AT, R SOR R IE P % 5 B g
RNA (microRNA, miRNA) %I miRNA-382 540
R 5 40 M A% 2 o) B B 1Y A, DTER
miRNA-382-5p {7~ 2 AR AZ WH (A 2 11 RT3 % 2
AT I, X FP 500 A & nDNA Fl mtDNA
SR I R R 11 22 [B] A RSP Hsp60 2 (1119175
S, $78 mtUPR BYBLE %,

2 mtUPRS#HZTIRITHERHIIXR

ZM iR 1T, 45 AD. PD. HD #i
ALS, HA—EIFEREILS], HAZ O TAE
SRR S EE U T A SR AN RN, 3k Sl i 2 ] 3K
Bl T R R T R R B e Sh
RUE NS SUrh 0 2 PR AE IR 35, AR
LA i) |V I R 787 NN TS P R 5 AL N
RESF R G 7 bRy RER 05 1 Kk A TRl 2
RTTHEE, HATRe 2T DR K AR . B9
T, A Y S 0 N AR
i, & B mtUPR 5 4 2% 5 2 F B %5 U) A OC
mtUPR ] LS B2 7F 0 22 0 R rh ok AR 41 1Y)
MRS, Wz BE A PR 2. ROS Mt &7~
45 (1), FIK mtUPR A BEAE A [A] AP 2 i 228
ATIHEBEIRE I A A R e v R AR

Tablel Research development of mtUPR in ND models of different species
R1 FEMHNDERFEE AmtUPRIFF ST R

Yk P mtUPR ] IR SR
A AD /D 4 L P R ABTTAR [41-42]
PD Ve TG A P AL RE oK Y, RSE SR A i iz [23, 43-44]
HD HGRLR R RIS, AR A [45]
ALS VD SRAFCHCHD10 5% TDP-43 75 14 £ 11 17 A AR [46-47]
NER AD U 4 HE A B ABTTAR [48-49]
PD Wb o-synTERY), FfRL CEREZ IRk, FRARNIR A Sk BIEOK T [50]
HD P> GEAFHTT 5 55 SR B 1 HE AR [51]
ALS PENAD R, JEBRIFLhSOD I A REVESE [, 4ERFMIZ 40 /A 22 A A 2 i itb [52]
2 AD YN Ezebve: A it LS AL S AL [53]
PD Lk % R M 22 TR AL [54]
HD TS 2 A E L S I T [55]
ALS THE L AR AT, S0HI 2Rk [56]

AD: BRIUGFEIN (Alzheimer’s disease); PD: M4:#%J% (Parkinson’s disease); HD: *F4L§ij% (Huntington’s disease); ALS: HZE45
M Z A4k, (amyotrophic lateral sclerosis); AP: PIEMMFEFE T (amyloid B-protein) ; CHCHDI10: %5 i HEUiE- 12 g -5 i EUie- 1 e 4 A 3k 26 11 10
(coiled-coil-helix-coiled-coil-helix domain containing 10); TDP-43: TAR DNAZ%;& 4143 (TAR DNA-binding protein 43); a-syn: o flii%
#H (a-synuclein); HTT: ZEEE (huntingtin); NAD™: JHBEIZIREN —A%FF R (nicotinamide adenine dinucleotide); hSOD1: A&

F Y LEET (human superoxide dismutase 1)
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2.1 mtUPREFR%GERR

M P AR AR Y B B IE M FE R 1T (amyloid
B-protein, AB) 5 4H ML N MY T AH G A
(microtubule-associated protein Tau, Tau) i £5 5
R Y g 2E 2 AD W) EEERERRAE T MRS R,
LRiiRDIRe IS AD AL IR St JE B B UIAH G,
S A NR YRS 7 ) IS o VAR N A AR G
mtDNA [ B i ' 451 2 5 AD W) &k A= it
(A > 113 ¥ TR UL A TR S e SRS = €S R TR LN
SR IA, S5 A A A ) e SO A Y
PR, REIZORR D RERE RS AE AD &AL
MR p I EZEEH . EADY, JERFERTIAE
1 (amyloid precursor protein, APP) 55 &4
IR AT ARl A 1 0 AR 2R 5 7 20 A A 5 b AR
R I AR, Y B AE P 2 b AR
IR N 7 2 ¥ TR N e e PR K I N 1) 1.3
FACNL IR S N, FLERIA . K ROS 21 4
Wbt e B RE S, 05 TR, T =R IR
I, EEMETGE mtDNA, Gl H R R S R
Fd BB N, s | R Lok RE AR
Tot o [RIAS,  RRGHE A 1 Y el AR ff mtDNA B 2
JOT AT T PR S R - IR R A U (cyclic GMP-
AMP synthase, cGAS) /1 # 2 & A H] 3% X +
(stimulator of interferon genes, STING) i %, filt
RTMER A, R ARG Sl R EURA
1t R A5 A B IR Rens, Tl A R
(R T3 B 2 U P EAE TS, AD 1 mtDNA
A0t 17 308 3 A 7 98- B P BB X — A% O L SR i
JRI 2R A TR AR

HtrA 22 & ik Ik 2 (HtrA serine peptidase 2,
HTRA2) i TZARARRE R s, 2 il A B DR 4T
SEAAEZEAN, WS mtUPR 1 —4
TR AT, §tZ HTRA2 83 FiA %4 HTRA2
(/N BRI L A 2R AT B8 o0 X R iy £
AT HARIRBENLAC T, R IRZRL AR 22 2 R 2 11 il
HTRA2 ZHELE AD (R4 PR 5T 7

SIRT [ £ HiF 5% /2 mtUPR (1) 8 2218 15
RS AD, PD. HD 25 0B sk i 2,
{BJ2 SIRT 25 i 2B AT VEB i 2 R ML 1l ik AN i
L R, fEL R PD AT, FIH RNA
TP A sir-2.2 2 4/SIRT4, & P a-syn K £ B )i
%321k 1 (dopamine transporter 1, dat-1) FJFEIRIK
AL, SR, mtUPR ) K - 3% 21 AH
i

AN, FEEP N AD E BRI E,
Bl MR w2 1, SRR e 56 P
WaR . AT A AR, s T AR
Rt ARIAT R, XA EA TR AR SC L (4 1)
AR U U . e i B, mtDNA 484
R, FEERRIRTIBE TR ™7, HAEREE Lok
EAVERED, I FEEZERRNTR | Afbh
TR BE I A AR FE TSRO TE S P TE AD YR
HERM B, TSR B RRT RERERTF LS, RN
i mtDNA 58728 B IR RS 1055 | 1 S AR 0 K 1
T P, S AD ¥4 5] & mtDNA 454 5
DIRes s, (ABRSHHLE] . AR TLRHE g AL N A7 7
AT 2EN . LS mtDNA U 24 B .
YEVERIRAE, A AD B9 & AR SR AL TR ER AL, M
AD F ) mtDNA 228 29 B L im0 248
W5, & AD e ELUE AR A B AL AR . Rl
SIHFL s F, mtDNA #5878 ul K A Bell g £ fih
% mtUPR, EidHE SRR EE TR A9
A, $ETH mDNA B K 58 HI80R ™, HikFE
ff, mtUPR X mtDNA (I -3 5 XS I A7, +F
220G 1) mtUPR 23 {2 #F 5 % mtDNA 1y 34 %6 5
£/ G

16 AD £ BB R Al FIH E3 2 K%
FEE SIAH-1, fE#t S B2 2 MU R/
3 S5 7 DVE-1 1 57 48 {3 i 2 1R 5% L itE A7
k48 A Z Rz ZLBM, JEi S DVE-1 i &
H AR R, A% 3R mtUPR., DVE-1 ) B A fin
T AR R R ARTRERENT, 1T MPR B3 12 2
1% W SIAH-1 8 i 3¢ ik DVE-1 | fE WK & £k i 1k fa
A, WERAREE Y, AR, ek
U5 AB RO R AL, 3755 mtUPR 9 SCHERG S AT
ATFS-1 X T AERp SRR R 11 BT AR S AL A (e e =
KB, AT 2 VPR Z P S Ak Bl FH R
WAz pE  (nicotinamide riboside, NR) 25 NAD' 155
AT L3 5 mtUPR FNZRLAR [ W, DT 05 28 1
iz shne s . K FHar, IR ABRE . [FFE,
1E APP/H.£2 1 (presenilin 1, PS1) AD F53E[H /)N
B, NRIAYTREIU/D KB P ) ABBEER, Best i bE
A WHRERE, AR RESHIRLRKIRE,
17T 440 60 308 1o 3807 mtUPR R AR [ W 252 1 380 2 )7
PEATAMEE 1G58 A G [ R A% AT 2508 mtUPR 7]
AR IE ABBEARE 7Y, DT ZE SR ) A R
SR G T mtUPR 5 AD AN [A] i AR o5 B 24 22 [i] ()
BB M R — R



-880- EMUFESEYIRHR

Prog. Biochem. Biophys. 2026; 53 (4

2.2 mtUPRSIAL %

PD I8t f& 1 5 R A DG L PR 98 AR 2 DI AR OG
ALFE PR LR AR T B ] AR G 3L, W PTEN
75504 M 1 (PTEN-induced kinase 1, PINKI1) %/
M4 (Parkin) ™ & 14 NRRAKTHRESL A 51,
] PGC-10 1% 7 /& PINK 1 1l Parkin 2872545 AU %
5 PD B EE RN, PGC-la (3 Fe 3k 7] BE 2 I
mtUPR, i1 LRPPRC {5 5 %% T 98 /b 58 Ak N7 43
i, MIM4ERFZpRERES 2, FemiDNA, 4
A K A5 . DNA 3 4535 2 85 11 34 (growth arrest
and DNA damage-inducible protein 34, GADD34) !
() A T 2R T RE &S JE K mtUPR o2 /2, MM A
TR ARSI IEHE4R M XT PD & RE IR

AR AR R M 5 PD YRR K Rt
ORI W, AR s A2 5 ) LT 551 e D R 4
s T E FAl, AR5 SOk AT R B A [H]
Wf, Wi alyE S mtUPR % b, kifk kg
A ZF0 5 PD ARG B REH £ 1 7T 5 2 mtUPR (1)
WE 9, TEZRPD IR B I IR 5 I PR TR R i
FIE M a-syn M HA S PD MG AOLR R AR A, 4 HY
BT mtUPR (OB SE, AMUANIL, a-synid Fik Al
ATFS-1 2878 5] 2 44 mtUPR 4 &t n] H3 [a] i i) 2 12
RE M

TEPD Y, SIRT1iid 2 LWL PGC-1a, 5
bk H b, P a-syn IIBEIRILKE, JF2 5
mtUPR G 1%, DL oK U 56 a-syn i B 5 4E 5
SIRT3 7] | iHLk kA H WK, X a-syn i S8
5 AR NI = = - S [ N O 5 I S 7 N g
(cyclophilin D, CypD) Y LmEALIK -, W 4k
R AR R KA 5 R AY mtUPR 7, SIRT2 f&
— Bl NAD K i 1 2% < Wk A Bl 0 ] 25 & bR
SIRT2 A {35 Ja 4% 1- W1 Jk -4- 4 Jk 1,2, 3, 6- DU &
MERE  (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine,
MPTP) 751 PD /N LR BT 22 L G RE P 22 T FE T2
FIZ B DI Re Rl , X PREE K 3 g% [ 2 T3 PD
A RYER ™, SR AR ph 2T D g A
i 2T mtUPR 38 B ¥ JC BRI o ok 1A% o o 47 1l
AT PD A% O RFAE 385 BEE mtUPR 45 26 k7
P g AR SRR, A AT RBID a-syn UL
L, PR Z TS .

2.3 mtUPRSZZE K
HD (195 PR 2 g it 5 4 i 25 1 %) 256 PR e s 3

CAG EEZJFHY 1, BRI EN RN EZ RS
ZMWERE (polyglutamine, polyQ) J¥ 4l 7 # HE K .
W RY], HD SLORAIIREAFTER VI OCHK . 57
A= 4L 10 25 (1 (mutant huntingtin, mHTT) &Y
polyQ Z5#3k 5 3 Sy X & H 1 (dynamin-related
protein 1, Drpl) %54, i#iid Drpl fE LRI IR
oy 54, T8N IS GO AR R R Ak K32 A
5 Y PR N BSAT R S HD R A A v KR
40 N E BRI PolyQ FELR IR [ REERT, 2>
PO 5-F2 0 WA A5 mtUPR 15 538 [ LA 4k 2 s
PRFRAS 2, TSR IR 1) mtUPR {5 536 % )
23K polyQ HYSRAEFEE Y. TMAEMHFL 3 HD W
WIRIRI T, ATP 2545 & ¥ iz 8 H B S 5 10
(ATP-binding cassette subfamily B member 10,
ABCB10) i i #% 3¢ A 7 CHOP 1)) #i] mtUPR i
&2, 7E HD ZH il v, SRR (R (o
Hsp60. Hspl0) 7K V-1 2 FEAL, $278 mHTT Al G
TR R T B RR A, 40 mtUPR 9
WY 2R R, HD F S mtUPR 1 55
AR B AS ERPE /], HD ] mtUPR
VR B RO W IR B 1 AR AR R AT, s B
W5, FIE, 80 mtUPR A 3 PR 45 48wl /N4
AV AR DG E B, BT 2 HE mHTT VGRS Zohs
EHME, A0 HD o $ 0t B .
2.4 mtUPREAEZ M RTEL

ALS & — M T M 2B AT PEs , HAFIE 2
HHE. Tz sl kR s s g Tz i, i
ZRENATC T . FE4 AR > Zehi kT g pE
B 75 ALS 1992055 5 R vh 9y Vi G| A €8 ), T
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mtUPR is a double-edged sword in neurodegenerative diseases
Modulating mtUPR appropriately may offer novel therapeutic strategies
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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
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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 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
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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