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[Abstract]  Neurodegenerative diseases are a group of disorders characterized by chronic progressive
degeneration of neurons in the brain and/or spinal cord. Their etiology remains unclear, the pathogenesis is complex,
and no effective treatments exist. Importantly, the roles of mitochondria-localized silent information regulator ( SIRT)
family members, including SIRT3, SIRT4, and SIRT5, in neurodegenerative diseases are attracting increasing
attention. Accumulating evidence demonstrates their involvement in critical processes of neuronal degeneration by
regulating, for example, mitochondrial function and inflammatory responses. This review summarizes the research
advances on mitochondrial SIRTs in neurodegenerative diseases such as Alzheimer’ s disease, Parkinson’s disease,
and amyotrophic lateral sclerosis, and aims to provide new insights for elucidating disease pathogenesis and developing
prevention/therapeutic strategies.
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P2 B A T PR 2 LUK A/ BOE BB 22T ig
PEHATYEIR AR fy 3 SRR 1 — 2P0 , F 24045
RA] /R % 1 2R ( Alzheimer disease’ s, AD) M4 7%
J5 ( Parkinson’ s disease , PD) 1125 45 ] 28 i A .9
(‘amyotrophic lateral sclerosis, ALS) 5 MR AT
PRSI Y A AR B A AR B A M T, B T
N F A, Bl 2 1B AT PR 3 B N T b
K TR Bk R R R IR IT AL
2= BB S, Ok R e 3K R A AN F
FRACE BHAG 255 K& e i KA 2 al @, ph2eiR
TP B9 R WS LRI AS B 241 0 R
FITRYT T 1k, I A R T 9 3¢ B 2R 4 2 67 1)
UUERAE BV 35 [ F (silent information regulators
SIRTs) 1EMf 22 1R 17 VR 5 1 e A e Jie vh e ¥ 2
FEEH AR SCKE X ZERLA SIRTs 78 AD  PD
HUALS WA R T 2534 | LA Sy ) B
19 KR AL 55 B Va4 AT Y S B

1 ZHI{E SIRTs f& /v

SIRTs J&—ZEiF Ak 1 55 BE DR ST 0 A 1t i it neg
WS R AT B RO I 4 B & S BRI, S
SIRT1 ~ SIRT7 AN B G, B> 18 03 76 40 B 9 7
FENLFIIHER Fr ARl SIRT1 SIRT6 F1 SIRT7
BT 40 M A% N, SIRT2 3 B 47 T 41 i Joi v,
SIRT3 .SIRT4 F1 SIRTS 3= %73 A T~ £ ki 4 3 il
o PR MR RAA SIRTs, SIRT3 192 2 BEAL BT
PEESH , SIRT4 AMUEA L LBHLRGE , i8 H A
ADP-RZBEFE L RS Wi 05 7 . SIRTS 11 2% £, ot Ak T
TR, (0 HA R ) LRk s
ALl A2 0 —BEIL B TS ) HATAF st R W
LARIR SIRTs AN T 3 1k I8 15 e AR T i 5. n]
SRR IRV 3 1 8 VAN = W AR O RSN 2
ol Af B HEL 3 R S 5 B AT R R Y B A
LWL,
2 ZRAIMK SIRTs 7 # 2R 1T % w
o i 16 F
2.1 ZHifk SIRTs 5 AD

AD JE—Fh AR T PR F B RE B A 3
BURFE ) T A b 2 R G R T R, L T
AR R B TE R AR [ (amyloid-B, AR ) 7E 4t A2

HMRSIE B AEBEAN I FEBERR AL 1Y Tau & FI7EA0
it PR TR Wb 28 Ji 27 A i 45 | E 171 5 | R i 28 5T
FETZ, KT AD &AL H AT AL AR 2
AB FIRARUEAN Tau £ 1 BEBERR AL IR UL, LA,
LRLIR DI RE 7 | SR SAE | A I B A LA
T AD WRAERERES
2.1.1 SIRT3 5 AD

REZHMRFERW] AD 35 1 2 SIRT3 mRNA
R A FRIAKF R, H SIRT3 19 R 22 B Al
AD BAE NIRRT RERE B2 ARG, 5 AR BEH I
28 AP UE QLS KO R AUAHOC . JE MR AT R
H/ 5 %% 1 (amyloid precursor protein/ presenilin
1,APP/PS1) BUfE I AD 5 A1/ L% 2 SIRT3
mRNA S8 R KK P 3T I, 22~ Al
ICIIResZ R JREANE T ZE R AR
9 SIRT3 RIS SIRT3 25 L kAL 1 14 2%
il 2T RE T SBCEAAN BL AR B A

ARLARTRE T H PO IE AD f IR0 B
B, AD FR A AR B vhon] WL B 2RI 2
AR B SR ATP R T BT PR % (reactive
oxygen species, ROS) Az il &2 4511 | SIRT3 4 Jy
LR T 1 BT OB AR I TE4E
FRARL AT 2 5 T 4 R e ], 2R
5 [ E4 (apolipoprotein E4, APOE4) J& K 2 HEjE
M5 AD & W S Tl J5 56 BR B w1 KR A
BRI YIN AR gt e B R 4 I 3k
PRI AD SEEAH L, #5707 L DA ) AD JR 3 1 )22
SIRT3 4 F1# 3k K- B B BEAR, Zhi iR A= W06 1
SRR 1A 4R 1 W Tl A S T A2 ARy Bl
b F-la ( peroxisome
receptor vy coactivator-la, PGC-1a) (2RI A SN 1 4
AR I RN ZORL AR S MR B R AL T R AT ) B Ak
fif 2 ( superoxide dismutase 2, SOD2) 7K 3 HH I [%
ik, APOEA BEREN /N B2 J2 I g By SIRT3 ik
W EREL, PGC-1a 3k  ATP 7= &} SOD2 /K
S H R EAR 30 # 3k SIRT3 Sl i 25 B~ ik
98 SIRT3 {335 7T LLEE APOEA 512 13X
AEAENT S RSN APOE4 X ERK T BE
(S0 A e F# I PGC-1a-STRT3 38 i (19716
ol

AB FEPEFEIZ S & AD 19 5 — A H 2 K
%, PERONE %" [y fiff 5t 2 0 AR Ml SIRT3 2=

proliferators-activated
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R 1 LKA SIRTs 7 4 R G0R AT YRGS a9 /e

Table 1 Role of mitochondrial SIRTs in neurodegenerative diseases

. PIEN ) . . 4
P it IR R EH HL
. P A . . . :
Disease Expression level Protective role Mechanism
SIRTs
BT PGC-1a-SIRT3 J B, 4EFFARIIRTAZS ™ 1] AR B
KL i GABA REMHZETTASTE Bl 12 0 2 of B2y
SIRT3 E T I Maintaining mitochondrial homeostasis by activating the PGC-1a-
Mostly downregulated ; Yes SIRT3 pathway'"*’ ; inhibiting AR accumulation''® ; preventing neural
a few upregulated network hyperexcitability by inhibiting degeneration of
GABAergic neurons' '’
AD ;
‘ . W STAT2-SIRT4-mTOR 3 % , it HEAH A& -0 AR HLA>
. LR iy . . . -
SIRT4 Promoting apoptosis and AP deposition by activating the
Upregulated No (2]
STAT2-SIRT4-mTOR pathway
. o VB AL R AR T B AR B B
T b . S R .
SIRTS Reducing oxidative stress and apoptosis; inhibiting AR accumulation;
Downregulated Yes . [23-24]
enhancing autophagy =~
M 2 ZBEAE SOD2 FI ATP 45 Wl B AL kiR RS
SIRT3 T = M o-syn R
Downregulated Yes Maintaining mitochondrial homeostasis by deacetylating SOD2 and
ATP synthase B'*; inhibiting a-syn aggregation!****’
PD T HRITRR AL s B X DA BB b2 Tk (R 11 I 1 4 DG
SIRTA T & L R ik
Downregulated Yes Regulating fatty acid oxidation'*" ; enhancing the expression of genes
in neuroprotective pathways for DA
SIRTS A 2 PRI BT RE ;8 ROS B
Downregulated Yes Protecting mitochondrial function; reducing ROS accumulation’*’
BT IEECTE R W SOD1 ZAE SRR TE S T e S 7 s ] e AR 7 AL
HAEA - T A M ATZ i 2T TR E ) s B A C9orf72 ZAETFHES
SIRT3 Upregulated , ;: . Improving mitochondrial morphology and function caused by SOD1
downregulated, or no B mutations' ™! ; suppressing toxicity of mutant astrocytes toward motor
significant change neurons*?' ; alleviating C9orf72 mutation toxicity **!
ALS
SIRT4 T R#F B AT Wb
- No significant change Unclear Limited studies available
P BTG i AR . , o
LRRLRILE g WAR S
SIRT5 Upregulated or no X . . . [s1]
Yes Modulating mitochondrial function™”"

significant change

[ FETE B AT AE M . SIRT3 B )5 ol jmig AR 2
AR FUR X ] fifi SIRT3 il 3 1A M A%  Zebr iR 1h
REF W AR T3NS, o Rk SO AN 55
2% B3R SIRT3 Feakn] LA Bk /> AR B, 2%
fif Rl AR TR AD 4 S Sl AR T 1 2 KL 4 Ty
RESEH AN T4

PRZE 4% 5t BE 445 2 AD FAI s B e L 2>
—, 5 APP/PS1 /NRAH EL , SIRT3 JE IR P45 71 £
A (SIRT3 ™) i) APP/PS1 %% 35t R /N B ki iz
JE RS R AR BEHL R N, y-2 3 TR (-
aminobutyric acid, GABA ) HE H [1] #ft £ JC B 5 A
PE, I 5 SO G b 22 0 W 4% 1) 2 B 24 A, AT H1

PG 5 Fili H T Sl RV A . TR S R R
KB MR FR L FR /N BB SIRT3 9 &35, v] By 1k
GABA fEMZ T AR PE R & AE

5 L3R SIRT3 76 AD HhAgERI8 T S5 LT
JE R, WEIR 260 BF 58 & B0 AD g it iz )2
SIRT3 mRNA N R RIAKF 2 Fi, /N
TR 1h JE ARG i 25 5T 32 B S A0 N BRI , SIRT3
mRNA Rk B B, o RIEHEH VILTF A8
SIS APP 1) AD % 5 /)N B 5 v SIRT3
mRNA 7E 6 > A B 34,26 H i i 5 % BEZH AR 1
JCHA B 25 5 1 K2 )2 P SIRT3 mRNA 7E 6 > A i}
55T BRZAH LA B 22 5, 7 26 I IRET I i I
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P, SR R X R ARE S AR AR A
EH TR R AR EE A G, FEEAD AD FEILH
AN AR TTRVE R AE TS, G &4 T HRIZE,
MfiTA R SIRT3 ik LR AR i & oT 32 AB
UUBURN S AL 3 S5 8473

DL EWFGE S SRR 78 AD B9 K A Kk Rt AR
1 SIRT3 Xl BIRIPE R . ZEA R S8
SIRT3 (AR 7KF- H B 24 53 1) D PR T 8 2 AN ) Ak
FEE MR SR S AR RN, HAh, AR
(R AAF 5% 25 A I 1) B[] 0550 77 7 25 5, SIRT3 7
AD W RA KR v 2t B Bh A AR 4k, 6 AN ]
A ] s AGEI T] BE A BN [R5 58
2.1.2 SIRT4 5 AD

5 SIRT3 7£ AD H Ay L4 VE AR B, BA 19
5% @~ SIRT4 I REMEHE T AD W R4 KB,
WENCEL %" (B 58 6 W AB42 ZE R IR T L I
¥4 PC12 ZH i SIRT4 mRNA 7K, XING %512
FIRFGY 2 BAAE AB42 AL BRIK) HT-22 20 % APP/
PS1 3R /N R & i, SIRT4 mRNA K& & H )
Pk LR, REBR SIRT4 ZRf% T HT-22 AU AY T
K APP/PS1 /NRUIES AR FOTTFR M e hy I T
Feze 2 FeAe i, X —1E A A g2 i (5
B S RN B S5 3405 TR F 2 (signal transducer and
activator of transcription 2, STAT2) -SIRT4-1j ¥, 5l

oA X HE A ( mammalian  target of
rapamycin, mTOR ) i /S 1,
2.1.3 SIRT5 5 AD

CIESLIK %% {58 & B0 AB42 SRR ] (i
SH-SY5Y 4iififi rfr SIRT5 mRNA 7K T, it 3k
SIRTS Z&ff T AR42 A SAA N I S A T,
WU 25124 (BT & ITE APP/PS1 #E5:D/NR
SIRTS 1 mRNA J% [ WK SR8, Sk 0 3 & %%
REBR YIS M B2 2 AR R M & ITaET
I, /NR B2 2 Bt ne 1 IR, AR L /N
Flrbad 33k SIRTS, B 300 4% T X seApfb X gk
WEFTHER SIRTS X AD #AR I VEH
2.2 ZHifk SIRTs 5 PD

PD 1) 3= 255 B AR b Sk P 5T 0% B £ e
( dopamine , DA) REM £ TC T HE PESE T AR A7
ZLICIN I ) /MR ) TE 18, DA TG S 850 1 2 8
B R GE B VL SR RATR B SR R 5
Rl IR AR IZ SREAR . PD 5 BRI & 95 HIL

SO AR RE R TG | AL L, -2 il A% FE
(a-synuclein, a-syn) 55 A | Hss SE SF1E PD
kA kR E IR mENER
2.2.1 SIRT3 5 PD

W55 PD B E RTHA SIRT3 2 %Kik
R AR, 6-383E £ B ( 6-hydroxydopamine,
6-OHDA) R | 1-F H-4-o8 561,23, 6-P0 A
it BE  ( l-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine , MPTP ) %5 fifl £ 3 215 % 19 PD
YRR M 2 b SIRT3 B Rk £ 2
AL S P ) S BRI L SIRT3 Wb i
T MPTP i 25 S 80 ol 2 oo A P, 3 2k )
PR T AN AT RO SRR TR SRR S T
i B A SIRT3 B IREIE R SIRT3 12 LMtk
it T 7 il 3 A 80 3 ) 1 32 B IR L 2% i 2R T DA
112 EZPIE O] B

5 AD B, LR AT R W ALE PD R
—AEEJEH, PD B MR AT R A A
Vi B s AR SRR AR Lk
KA RA 2S94 142 SIRT3 U Y, CUT 465 i
W95 2 B MPTP 1) 8 AR 1-H -4 28 SLnig
BE 25 ¥ ( 1-methyl-4-phenylpyridinium , MPP* ) 7] i
IFFEAIK SH-SYSY 2 Jifd v SIRT3 f) 3R 34 ff P A 3=
B Z AR TG (A7 16 TR A it 0 S A T o & g )
(1) 2 Bk A 7K SF T+, DT S B & T At T
ZHANG 20T ftiF 98 2 B, 75 MPP 5 5 (14 41 i
A Je MPTP 5 S i/ ERABE 8 b SIRT3 AT 3 4o 25
L IRACZ KL (R BT A AL i SOD2 1 ATP A B B
FEAIC ROS 1y 7 A= Fn 3 fin ATP %4 i, DUAN
4020 [ LU0 ZERT W 5F 36 B A R 7 R L 6-
OHDA MPTP/MPP" 753 (1) PD %) Fl 4t ffa #5274
W SRR S DU AR VRl @ A iR STRT3 3
SOD2 #Y 2= Z Mk fk 3 /> ROS A9 7= 4= 48 in ATP
()6 18 W2 SRR IS LAV 8 I SRR 1 55 X DA
B 2T = R E T

FERYT B ASE H R A a-syn JEBTT DA B
PRETEFET- W 5 — A B R o 58 50 o
G H2E vk B R SIRT3 B335 1 LIg /b PD i
KRBT a-syn FIRESS | TE a-syn FH
RS PD R AL/ LA SIRT3 AT 3 1 B e 2 b A
eSO 2. DA fEshzeon™

IRBEFE I, SIRT3 AT 3 i 14 45 42 ki Ak £
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00 a-syn BEZXT DA BEM 202 R
YEHIL,
2.2.2 SIRT4 5 PD

SIRT4 7 PD &% 7 H 0y it & 1R
BRAIDY %5 BiF 55 Jz BB 25 4T % A0 185 K K R
T L AR I Bz J2 SIRT4 mRNA B 8 [ 334 7K 7 B
LD G RS A i i R W A e B
i, WENG 2 By 155 £ W1, 78 MPTP i T 1)
PD /NRAELELFD DJ-1 3E R @ BR A9 PD K RRBE Y
1, SIRT4 Rik B E W AE, 78 SH-SYSY 4l rfit
F3k SIRT4 B4 N 7% DA RERIZS To AR 3/ I Y
FHOGIH B P BRI R GE Ik LERFFY R SIRT4 X
PD &RIEH,
2.2.3 SIRTS 5 PD

KHOJAH %5 iyt 58 & BULE K 1308 Cy B
FeH AR FER) PD BALR R, 5 2 AR KR
FHEG, 12 7 #% K BR i K2 )2 35 JC A 281 IX 3k
SIRTS mRNA FikHH & TR, BRAIDY 461 (1
ST U B 2 A 15 0 38 1 R BRI 5 R iz )2
SIRTS mRNA KK F1FAI B FiH, LU &
HIFFE & B8 MPTP AP 5 | 55105 A= 7 /)N BRUFH BE
R SIRTS fY/)N R BUIA 8 1932 iR, 22 T DA
REMH 28 o0 8 T W I 386 T, 28 k0 1k Bt A 1L
SOD2 HHIE T ¥, iX F B SIRTS 1 fig 18 i 47 £k
RARBTIRE, /> ROS AR, $2 = HILIAR A i 41
fBBE IR HE T DA BEMIZTT
2.3 ZHI{k SIRTs 5 ALS

ALS (AR HURAE ™ , L 32 B BEAR Ak Sk K
B2 Wil T FUEE s sl 28 oo i dE T,
M-RBCHATHENLIC T FILZESR . ALS 95 K 52 2,
BAEFARBE R ZAS S T ALS AR, HREiA
N ALS KRALHRIL G LR IR Th e S0 SR
KE EALR B
2.3.1 SIRT3 5 ALS

A RIERILT 30 285 ALS KA KM
FURIEA P B SOD1 B RAS S #AY ALS 2
dT R RTE ALS 1Y 20% . 15 ALS M54 2 &8 &
T 170 ZFA[F K SOD1 JER 5 HERHIF
TR I ALS S B R JE SOD1-G93A i LA
ANEERY S /N B B 2 2l 28 6 AT 00 i)
I3 i) b 2% 3 o B A, kORI 45 R TR
b, #h 2TTRE T RN K 2 B 5 R W

SOD1-G93A % 3 [Fl /)N B Rz )25 . i 1 80 8
SIRT3 mRNA & i & 4Bk DB T, i 2k
SIRT3 B i 254 |4 SIRT3 Y521k A 76— 5 it
B LWKE SOD1 RAR 51 B SRR 25 I fig 5+
WA 2 esET- Y BUCK 2557 A
SRR I SOD1-G93A % FE IR /N FRHE B Al i T v
SIRT3 mRNA K 2 ZEeAb D ge h BLAS AR 4 T
¥4 {5 SIRT3 & 4 /K E7E 60 d i T % BB 40, B
Jo TR, 130 d B (5 0 B 40 ) % 380 % B4 K
ALS B3 K2 JZ SIRT3 mRNA 7K 143215 LAk
HaErh P F ., HARLAN %2617 F1 KORNER
DU HIE 9T & B ALS (B3 is 3 i 2 S s
SIRT3 mRNA & #3k/K -5 1E 5 % B 2H J6 i
WS ARFFFT B Fh 22 500 R R A R 2
TRWEHE, AT RE AR AR B & B B SIRT3 B 3R ik
AR, AR R AR BB A 25, K
BRI PLTLA T 2t — 205

EIURE T AN M AE ALS # & oesE T i & 4%
HEEAMEH, ALS B35 5 86 2 P I 5T 240 i 5t
SOD1-G93A %3 [F /N BRBZ J2 5%CF i 2 T 1 o 4
5 1EH A B S sh s 2ot LB FR 5 i T M 40T
TS, T 7E b/ BUR R IR 40 M P R Gk
SIRT3, REAL T HXTiE st £ on st X%k
B SIRT3 W] LLR 3 2% SOD1 587 7Y 2 P i Jo 2
M5B A2 e g T

9 5 Y o AT R L HE AL 72 FE A ( C90rf72)
AR L N R (GGGGCC) W 3 H AR 2 T
HALS feH WG R ST IR 1 54
TmEA A AAEOR RIRZHK, FEEARK
B ik Hoh 2 — B9 RS & R - A R R AR
Z JIKBENS S EEh Y H PR ) ALS iR, FUSY
WF5E % PRAE /N NSC-34 iz s & e Al & vh %
INHE 2R - 2R — AR Z IR PT R B 2 J0AE T,
SRR TG AT 38 1 0% SIRT3 I 8ok AR T i vl 4t
Zon BRI ER .

DL EWFSE 4R SIRT3 A G A 55 2ok (A 1)y
6 R 2870 P I o e B0 — R AR £ kPR A5
X ALS #E R IFVER
2.3.2 SIRT4/SIRT5 5 ALS

SIRT4/SIRT5 fE ALS i) BF 5% & /b,
KORNER %7V %} ALS H s s e J2 FPE 6 K 5
Hi SIRTs MR IXIEAT T 08T, 25 3R K B ALS B3
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15 3 Bz IR R BE T SIRT4 mRNA M 8 1 2635 KF
HIE®E X AT B 22 57 18 8 2 )2 1 SIRTS
mRNA KRB B S H 5 1 5 A et e
W22 5%, Iiidsh f )2 SIRTS K AR Ak,
6 K i SIRTS mRNA K 25 A 263511 . |
A, X RP R T R I A A T 2R AR T e X B ol
ZonR e,

3 HFibRE

25 FrAR 2RI SIRTs 78 #2038 47 1 95 5
HOR YRS SRR AR B AT AT I T Lok
RIIRE | JAE S SR A I 8 8 T B e S L
BRI RS 5B TR R R R KR,
HAFFE N BN S B B (1) #h 2R AT P90 1Y &
S JE RURNAIL R B 8 52 2%, ¥ I I 2 B A 5 e =
WRIEE Z MAMRKZRBTH R —-HR
B ; (2) PR AT VB Y & TR — - it
At 72, SIRTs 7E A [7] 1) 9 22 B B FAS [7) 24 i v
H BRI AR AT REAS A, M AT K2
HORFE TR 55 L B alg B LA 40 i, e = X 3
At 2 Bl A 5 0 B B DG I M B A 55 (3) BRI
R K Z A3 W o A M Y b AT 1Y, X A
RUAERT N B R AE J7 T A7 AE JR B, BT A5 45
RTE N A &5 o — 20 Bk, LA
xR B BRI TR SIRTs AHICIR YT )7 vk f 2y
VIRt R HERE R T PR B[R] L T B — 2
hnaR s FRHEAE e sh A Pk i skt
NEEAA 240 LN 43— 7K T B 4 1D Hb 3 By FLAE il 22
IRAT M Th A VR FH, AT 2R M S A A 58 6% 1k
[ FRISE , 3T SIRTs 845 0 #h & AR 397 vk 3 4t
R R AT

o

% 3 @k (References)
[ 1] WILSON D M 3rd, COOKSON M R, VAN DEN BOSCH L,

et al. Hallmarks of neurodegenerative diseases [ J]. Cell,
2023, 186(4) : 693-714.

[2] WUQJ, ZHANG T N, CHEN H H, et al. The sirtuin
family in health and disease [J]. Signal Transduct Target
Ther, 2022, 7(1) : 402.

[ 3] PANDE S, RAISUDDIN S. Molecular and cellular
regulatory roles of sirtuin protein [ J]. Crit Rev Food Sci
Nutr, 2023, 63(29) : 9895-9913.

[ 4] SCHELTENS P, DE STROOPER B, KIVIPELTO M, et al.

Alzheimer’ s disease [ J]. Lancet, 2021, 397 ( 10284 ) .

[5]

[6]

[7]

[9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

1577-1590.
SONG S, LI B, JIA Z, et al. Sirtuin 3 mRNA expression is
downregulated in the brain tissues of Alzheimer’ s disease
patients: a bioinformatic and data mining approach [ J].
Med Sci Monit, 2020, 26: €923547.

YIN J, HAN P, SONG M, et al. Amyloid-B increases tau
by mediating sirtuin 3 in Alzheimer’ s disease [ J]. Mol
Neurobiol, 2018, 55(11) : 8592-8601.

YANG W, ZOU Y, ZHANG M, et al. Mitochondrial Sirt3
expression is decreased in APP/PSI double transgenic
mouse model of Alzheimer’s disease [J]. Neurochem Res,
2015, 40(8) : 1576-1582.

HOU M, BAO W, GAO Y, et al. Honokiol improves
cognitive impairment in APP/PS1 mice through activating
mitophagy and mitochondrial unfolded protein response [ J].
Chem Biol Interact, 2022, 351, 109741.

LI H, SUN J, WU Y, et al. Honokiol relieves hippocampal
neuronal damage in Alzheimer’ s disease by activating the
SIRT3-mediated mitochondrial ~autophagy [ J ]. CNS
Neurosci Ther, 2024, 30(8) : e14878.

LIU M, ZHANG X, WANG Y. Curcumin alleviates AB42-
induced neuronal metabolic dysfunction via the thrb/SIRT3
axis and improves cognition in APP.,; mice [ J]. Neurochem
Res, 2021, 46(12) . 3166-3178.

JAVADPOUR P, ABBASZADEH F, AHMADIANI A, et
al.  Mitochondrial

transportation,  transplantation, and

subsequent immune response in Alzheimer’ s disease: an
update [ J]. Mol Neurobiol, 2024, 61(9): 7151-7167.

KOUTSODENDRIS N, NELSON M R, RAO A, et al
findings,

Apolipoprotein E and  Alzheimer * s disease:

hypotheses, and potential mechanisms [ J]. Annu Rev
Pathol, 2022, 17. 73-99.

MAHLEY R W. Apolipoprotein E4 targets mitochondria and
the  mitochondria-associated ~ membrane  complex in
neuropathology, including Alzheimer’ s disease [ J]. Curr
Opin Neurobiol, 2023, 79. 102684.

YIN J, REIMAN E M, BEACH T G, et al. Effect of ApoE
isoforms on mitochondria in Alzheimer disease [ J .
Neurology, 2020, 94(23) : e2404-e2411.

YIN J, NIELSEN M, CARCIONE T, et al. Apolipoprotein
E regulates mitochondrial function through the PGC-la-
sirtuin 3 pathway [ J]. Aging ( Albany NY), 2019, 11
(23): 11148-11156.

YIN J, LI S, NIELSEN M, et al. Sirtuin 3 attenuates
amyloid-B induced neuronal hypometabolism [ J]. Aging
(Albany NY), 2018, 10(10) ; 2874-2883.

YIN J, NIELSEN M, LI S, et al. Ketones improves
Apolipoprotein E4-related memory deficiency via sirtuin 3

[7]. Aging (Albany NY), 2019, 11(13): 4579-4586.



oSS B W E AR 2025 4E 9 H A5 33 #5591 Acta Lab Anim Sci Sin, September 2025, Vol. 33, No. 9

1379

[18]

[19]

[21]

[22]

[23]

[24]

[27]

(28]

[29]

PERONE I, GHENA N, WANG J, et al.
SIRT3

Mitochondrial

deficiency  results in  neuronal = network
hyperexcitability, accelerates age-related AR pathology, and
renders vulnerable to AR [T1].
Neuromolecular Med, 2023, 25(1) : 27-39.

CHENG A, WANG J, GHENA N, et al

neurons toxicity
SIRT3
haploinsufficiency aggravates loss of GABAergic interneurons
and neuronal network hyperexcitability in an Alzheimer’ s
disease model [J]. J Neurosci, 2020, 40(3) : 694-709.

WEIR H J M, MURRAY T K, KEHOE P G, et al. CNS
SIRT3 expression is altered by reactive oxygen species and in
[J]. PLoS Onme, 2012, 7

Alzheimer > s disease

(11) . e48225.

WENCEL P L, LUKIW W J, STROSZNAJDER J B, et al.
Inhibition of poly( ADP-ribose) polymerase-1 enhances gene
expression of selected sirtuins and APP cleaving enzymes in
amyloid beta cytotoxicity [ J]. Mol Neurobiol, 2018, 55
(6): 4612-4623.

XING D, ZHANG W, CUI W, et al. SIRT4 promotes
neuronal apoptosis in models of Alzheimer’s disease via the
STAT2-SIRT4-mTOR pathway [ J]. Am J Physiol Cell
Physiol, 2024, 326(6) : C1697-C1709.

CIESLIK M, CZAPSKI G A, WOJTOWICZ S, et al.
Alterations of transcription of genes coding anti-oxidative and
amyloid B
Mol Neurobiol,

mitochondria-related ~ proteins in toxicity ;
relevance to Alzheimer’ s disease [J].
2020, 57(3) . 1374-1388.

WU S, WEI Y, LI J, et al. SIRTS represses neurotrophic
pathways and af production in Alzheimer’ s disease by
targeting autophagy [ J]. ACS Chem Neurosci, 2021, 12
(23) ; 4428-4437.

MORRIS H R, SPILLANTINI M G, SUE C M, et al. The
pathogenesis of Parkinson’ s disease [ J]. Lancet, 2024,
403(10423) . 293-304.

TRINH D, ISRAWI A R, BRAR H, et al. Parkinson’ s
disease pathology is directly correlated to SIRT3 in human
subjects and animal models: implications for AAV. SIRT3-
myc as a disease-modifying therapy [ J]. Neurobiol Dis,
2023, 187, 106287.

JAMALI-RAEUFY N, MOJARRAB Z,
BALUCHNEJADMOJARAD T, et al. The effects
simultaneous inhibition of dipeptidyl peptidase-4 and P2X7
purinoceptors in an in vivo Parkinson’s disease model [ J].
Metab Brain Dis, 2020, 35(3) : 539-548.
SHEN Y, WANG X, NAN N, et al. SIRT3-mediated
deacetylation of SDHA rescues mitochondrial bioenergetics
contributing to neuroprotection in rotenone-induced PD

models [ J]. Mol Neurobiol, 2024, 61(7) : 4402-4420.
REN Y, YE D, DING Y, et al. Ginsenoside Rkl prevents

[31]

[32]

[34]

[35]

[36]

[37]

[39]

[40]

[41]

1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine-induced
Parkinson ’ s disease via activating silence information
regulator 3-mediated Nrf2/HO-1 signaling pathway [ J].
Hum Exp Toxicol, 2023, 42. 9603271231220610.

LIU L, PERITORE C, GINSBERG J,

MPTP-induced

SIRT3

et al.

degeneration  via

[J].

attenuates nigrostriatal

enhancing mitochondrial —antioxidant capacity
Neurochem Res, 2015, 40(3) . 600-608.

LEE S, JEON Y M, JO M, et al. Overexpression of SIRT3
suppresses  oxidative  stress-induced  neurotoxicity and
mitochondrial dysfunction in dopaminergic neuronal cells
[J]. Exp Neurobiol, 2021, 30(5) : 341-355.

DUAN W J, LIANG L, PAN M H, et al. Theacrine, a
purine alkaloid from kucha, protects against Parkinson’ s
disease through SIRT3 activation [ J].
2020, 77. 153281.

ZENG R, WANG X, ZHOU Q

Phytomedicine

et al. Icariin protects

rotenone-induced neurotoxicity through induction of SIRT3
[J]. Toxicol Appl Pharmacol, 2019, 379. 114639.
KANDY A T, CHAND J, BABA M Z, et al. Is SIRT3 and
mitochondria a reliable target for Parkinson’ s disease and
aging? A narrative review [ J]. Mol Neurobiol, 2025, 62
(6): 6898-6912.

CUI X X, LI X, DONG S'Y, et al. SIRT3 deacetylated and
increased citrate synthase activity in PD model [ J].
Biochem Biophys Res Commun, 2017, 484(4) . 767-773.
ZHANG X, REN X, ZHANG Q, et al. PGC-la/ERRa-
Sirt3 pathway regulates DAergic neuronal death by directly
deacetylating SOD2 and ATP synthase B [ J]. Antioxid
Redox Signal, 2016, 24(6) : 312-328.

LUO H, PENG C, XU X, et al. The protective effects of
mogroside V against neuronal damages by attenuating
mitochondrial dysfunction via upregulating sirtuin3 [ J]. Mol
Neurobiol, 2022, 59(4) : 2068-2084.

PARK J H, BURGESS J D, FAROQI A H, et al. Alpha-
synuclein-induced mitochondrial dysfunction is mediated via
a sirtuin 3-dependent pathway [ J]. Mol Neurodegener,
2020, 15(1): 5.

GLEAVE J A, ARATHOON L R, TRINH D, et al. Sirtuin
3 rescues neurons through the stabilisation of mitochondrial
biogenetics in the virally-expressing mutant o-synuclein rat
model of Parkinsonism [ J]. Neurobiol Dis, 2017, 106; 133
-146.

BRAIDY N, POLJAK A, GRANT R, et al. Differential
expression of sirtuins in the aging rat brain [ J]. Front Cell
Neurosci, 2015, 9. 167.

WENG H, SONG W, FU K, et al. Proteomic profiling
reveals the potential mechanisms and regulatory targets of

sirtuin 4 in 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine-



1380

R E SIS S AR 2025 4E 9 H A 33 55 93] Acta Lab Anim Sci Sin, September 2025, Vol. 33, No. 9

[42]

[43]

[44]

[46]

[47]

induced Parkinson’ s mouse model [ J]. Front Neurosci,
2023, 16 1035444.

KHOJAH S M, PAYNE A P, MCGUINNESS D, et al.
Segmental aging underlies the development of a parkinson
phenotype in the AS/AGU rat [ J]. Cells, 2016, 5(4) . 38.
LIU L, PERITORE C, GINSBERG J, et al. Protective role
of SIRTS against motor deficit and dopaminergic degeneration
in MPTP-induced mice model of Parkinson’s disease [J].
Behav Brain Res, 2015, 281. 215-221.
FELDMAN E L, GOUTMAN S A, PETRI S,
2022, 400

et al.
Amyotrophic lateral sclerosis [ J]. Lancet,
(10360) : 1363-1380.

FANG T, JE G, PACUT P, Gene therapy in

Cells, 2022, 11

et al.

amyotrophic lateral sclerosis [ J ].
(13) : 20066.

PEGGION C, SCALCON V, MASSIMINO M L, et al.
SOD1 in ALS: taking stock in pathogenic mechanisms and
the role of glial and muscle cells [ J]. Antioxidants
(Basel), 2022, 11(4) . 614.

SONG W, SONG Y, KINCAID B, et al. Mutant SOD1G93A
triggers mitochondrial fragmentation in spinal cord motor
neurons: neuroprotection by SIRT3 and PGC-la []].
Neurobiol Dis, 2013, 51, 72-8]1.

MAGRI A, LIPARI C L. R, CACCAMO A, et al. AAV-
mediated upregulation of VDACI rescues the mitochondrial

respiration and sirtuins expression in a SOD1 mouse model of

inherited ALS [J]. Cell Death Discov, 2024, 10(1): 178.

[49]

[50]

[51]

[52]

[53]

HARLAN B A, KILLOY K M, PEHAR M, et al
Evaluation of the NAD" biosynthetic pathway in ALS patients
and effect of modulating NAD" levels in hSOD1-linked ALS
mouse models [ J]. Exp Neurol, 2020, 327 113219.
BUCK E, BAYER H, LINDENBERG K S, et al
Comparison of sirtuin 3 levels in ALS and Huntington’ s
disease-differential effects in human tissue samples wvs.
transgenic mouse models [ J]. Front Mol Neurosci, 2017,
10 156.

KORNER S, BOSELT S, THAU N, et al. Differential
sirtuin expression patterns in amyotrophic lateral sclerosis
(ALS) postmortem tissue: neuroprotective or neurotoxic
properties of sirtuins in ALS? [J]. Neurodegener Dis,
2013, 11(3) : 141-152.

HARLAN B A, PEHAR M, SHARMA D R, et al
Enhancing NAD® salvage pathway reverts the toxicity of
primary astrocytes expressing amyotrophic lateral sclerosis-
linked mutant superoxide dismutase 1 (SOD1) [J]. J Biol
Chem, 2016, 291(20) : 10836-10846.

FU R H. Pectolinarigenin improves oxidative stress and
apoptosis in mouse NSC-34 motor neuron cell lines induced
by (C9-ALS-associated proline-arginine dipeptide repeat
proteins by enhancing mitochondrial fusion mediated via the
SIRT3/0PA1 axis [ J]. Antioxidants ( Basel), 2023, 12
(11): 2008.

[WFEHH] 2024-07-18



