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(0 RS 2 TR G E 2T B, R 300072; 2 KUt EE 2Rk e R, Kt 301617;
D R R 2 KRS AT R A Huy, K 301617)

E  AHEH (spinal cord injury, SCI) 2—FhmEBGREIXMZ R0, HRBLIERR R 24 H 2L e 8L, W Mephzef
PESRE R BEWOE . AN . MM T A REEEL A RE U R A S OCEEAY, PTEORE RER 2 D RE e R
BEREARRE AN DR H AT RS XS SCIA T 2B S T RCA B, XE LSS BRER 19 (R D Im) T35, PR ER R B A
MBS SRS E T B0 BRI Z SR a IR R . UUERME B AF (silence information regulator, Sirtuin, SIRT) R
(SIRT1~SIRT7) 1E} NAD MK 2 LWEALRE, TEANMIACETIAE | St dSdehl | DO 018 52 S5 G AR il A v R 4%
BOER, CHOESEME RGP AE TR . A SCRGEMBL T Sirtuins ZE0E% A4 E AL 5 4% 02 W7 DI RE
R LRR AR SCUR B AR Th IR VE R B 0L . SIRT1, 3. 5. 618k AWM ZF T «B (NF-«xB) il #it
BEWOT . BT NLR ZE0% pyrin £5 5060 5 8113 (NLRP3) SE/AMAZHRE, 225 SCUR A AR AE Y ITT , (R hid ik s
BT E2H G 72 (Nef2) fra ki . S THE S AL YB L (SOD) | i JEU A JH e Jic i 15208 — A% H IR 2. (NADPH)
SEPUAAERG M, A REH SRRy, TR “HUR BT PRRICR Y SIRT7 S fEF DNA BB . Sl 1=
fE i, MMM T; SIRT3 5 SIRTS WAL [ ARLA I RE , Sl 842 —JRIRIERN . S ALBERR LA OGRS
o Lb R B AR, I k£ 03a (FOXO03a) . AMPKHIZE 13 (AMPK) 1 Z BT, RE AR,
MG PR . BES R, BRI (AR, ES) KA EY (WSRT1720, AGK2) 1]
T 3 A [ S Sirtuins ZABM G, SEOR SCUR I . N, DL Sirtuins LS EREIRITIRMG (WNBEA T4 . feA
TN TS PUEAH T 5 ) AR —ITER R, @ 2L P EVE PR T SCTIBE R . 25 |, Sirtuins ZKETE
SCI g B A= BRLHERE rh HA SCHEAE FIBLIR B TE T BN (B, A SCESE IR 22 1 #E1) Sirtuins (HT BN ORI, LU RiZ St
FRISERAI S 55 1l PR AL A (i R B

XgER AR, DIRGEEIATRTER, RAERN, fANE, AT, A, e
HESHES R34, R74 DOI: 10.3724/j.pibb.2025.0377 CSTR: 32369.14.pibb.20250377

FEHihn (spinal cord injury, SCI) J&—Fi ™
HEREFEARERAERZFAMEER, SECRE
P51 B AT iz 2, J8eni A/l [ 322 Tihe
Zo oo B B E 4l 41 (World Health
Organization, WHO) WATIHFGITEIE BR, 4
Bk 1 500 75 N SEA SCL. HEGeit41> SCLEH 4
BREE . PERAE T 300 73500 P XEABER
JEDL Bt S rE i E . RS HETE A 2YRTT
(R eI . g5 . AMRHBE TR . 12305k
5. IERARIRT S AR SO A SR 2R YT
TB, HRZR ARSI EARET, HET

i AR AT B Re e SE I SCLS f 2 I RE I 58 42
A, WP RE S SR HTE SCHATT K
W, A BRI R PR LA Bk 1 s PR A 5 A 3R T8
AR

UL B {5 B 9 95 B (silence information
regulator, Sirtuin, SIRT) JZMiFLaIY 124 H

x B % HRBF 4 (82105019, T2322021, 82271218) W)
TiH .

o JRINE—EH

s IR A

AR Tel: 022-59596298, E-mail : whylittlee@163.com

FRI2G Tel: 022-83612123, E-mail: cgzheng@tju.edu.cn

Wi B4 2025-08-12, 232 H 1. 2025-11-19



"78- EMUFESEYIRHR

Prog. Biochem. Biophys. 2026; 53 (D

2+ AL EE (histone deacetylases, HDACs) %%
B, 8T M BE R BROE RS O R
(nicotinamide adenine dinucleotide, NAD") &k
LA, HEHGTEZ NAD VKR . EfiFLsh
PR, I E AL S 75 (SIRTI~SIRT7) *',
GRS, Sirtuins A] 7ESO0E W . Py . 4
LT . AR R A LR T A 2 R AR M A
P RO EEVE R, DRl o AR 5
PRZEIRFTYESIR . OB SR IE 55 2 R 1Y
WETEIR YT R 051 T TR M 8 R 4 R e K
Sirtuins ZZ % #8431 51 © AE MG 2R H L BT R P T R
(Alzheimer’s disease, AD) 25 ¥ Jp # 4 rf B i
PR RPN T SR, BRI IR R AE
SCURHAE L B A E -, MARA RErEie
v, BT, AETEATHLEAR Sirtuins 7F SCILH
AT REAYVE ] B B oAU, ) B s o o 48

ey

Eatiai

Rossmann
P ik

Sirtuins 73 Y7 SCIHIMFFT Mg, LIS R SCI A ) T
BB Y e I 0 Ay <<

1 SirtuinsZEEHHE S5 Ih8E

Sirtuins & [ Y BRI S5 44 2 HH K2 270 P SE R
2 B 1 PR SE O T B 0 45 A 31 (catalytic core
domain) 1 ¥ 8 55 25 K4 B (N 3 1 C Iy ) 4 g
(E 1) o A% O S5 R B 7 5 5 454 1 FE RS
£, % Rossmann #7525 #4 1, (NAD/NADH %5 & 4F
1E) MBS A LEEY, 3@ s, ERgiK
BOMEAAZ O 15 N S A C S IX 3K B 5 e 9 ] A
AN [ Sirtuins MV 7Y % N i A1 C o < 3 26 55 b 2
e BE DR SF Y HEAAZ OB O] T Sirtuins S8 — AT
WA NAD" 1 25 2, I Ab/ ADP- A% 5 56 5 7% il 5 Pk
M AT 28 f4) N 35/C S Sirtuins S5 A RRYIEE S, &
FEZRMEH

T
EYN

EEN= R

N

Fig.1 Opverall structure of Sirtuin deacetylases

Bl XZEUBEBHIEIREN

RossmanniT & 25 ML (3R, BrEE G AL G408, FiET

ESCDE it

Sirtuins S Ji5% i B2 14 3 41 i 52 {3 ELAT 8 2 A
£ SIRT1AELE T A MuAZ Fgn i rf; SIRT2 £ %
e T4 M Fi b s SIRT3 . SIRT4 Al SIRTS 434 T
LR SIRT6 Al SIRT7 A T-AMMIAZ N . X Fpas
[E] 545 1 Z R e T e TR 5352 S ae i
FEPRIAHRGE |« I SO 25 B A B o A5 S A i
(R, B2). BARMT, SIRT1ZEHATbsE &
TR R GL, Ham i 25 L Ak g 85 11 ps3 . i 4

SEWLLREFRIR, B TUEGIRR, NI AERR, Chi

b Wy T A 3% BE W) BTG 2 IRy O T 1o
(peroxisome proliferator-activated receptor gamma
coactivator 1-alpha, PGC-la) . X Sk HEHE H O
(forkhead box O, FOXO) F1# AT «xB (nuclear
factor-kB, NF-xB) ZEJI64, 1RSI, #h
2T PR 5 SRR T RE IR Y L) N DNA 51018 52
RN . SIRT2 2 A T 4i i
B, PIAEIME A G2/M (gap 2 to mitosis) A
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Table 1 Cellular localization and functions of the Sirtuin family

&1 SirtuinsZR RFEAE B EN S ThEE

Sirtnins  EfL R 1 LA FERR e SCHR
SIRT1 4 A% Al Y. p53. PGC-la. FOXO. NF-xB %L, i 00 . LRkifkshreiang. [11]
YA DNAZ#
SIRT2 4 t% Al EYA PEPCKI. NF-kB. FOXO. 6PGD #Hifufilfi. diffads. 0. A [12]
Yo
SIRT3  Z&kifk B AceCS2. SDH. SOD2. GDH. fRiff. & LMk, #AE. Lehifkohiem [13]
FOXO3a. IDH2. OPAI (NS VS S
SIRT4  ZBkifk X B ADP-IZFEFLERS GDH. IDE. ANT. MCD RS E . IRFACH [13]
SIRT5 iRtk LBk, XK B, £38H1  CPSI. GAPDH. SODI. IDH2  &fCH. FEEEME. SR [14]
[/ A
SIRT6  #Hfkx% M. ADP-HiHEILEE TS HIFla. PARP1. CtIP ui ki 4Ed . DNARIGi R . LR A e [15]
T
SIRT7 A F T RNAR A HPolIl. p53 B ARNARE . DNAFIIEE . 41 [15]
R

p53: MR ES3; PGC-la: i S BHASE GH V) 0 2 ARy 3OS I Fla; FOXO: MGKHERHO; NF-xB: #HF«B; PEPCKI: Wiz
BSR4 1 6PGD: - iR R 4 M I &0 s AceCS2: L MHAHMFAS MLG2; SDH: BEHAFAM N ; SOD: 4%k 1L ;
GDH: A& MM AM; IDH2: SArEEmBLAN2; OPAL: MMAEFE 1, IDE: IR HMEMET; ANT: IREEMSZITRIGEE N ;
MCD: N BHmsAGIRES; CPS1: W BEREIR 4 MM 1. GAPDH: HiMEE-3-BEMR i 2B ; HIFla: SR4A S T 1la; PARPL: BRI
CIATRIHER A CUP: CImZE A EAAIEHEN.
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Fig.2 Cellular localization and functions of the Sirtuin family
E2 SirtuinsZREFERE R E SThEE
SIRTIFE7E T A0 R% AN 5T b s SIRT2 % AFAE TAUMES b ; SIRT3. SIRT4MISIRTS 434 T2 kifA ; SIRT6HISIRTTSE £ T4 A% I o
SIRT1AESAAMRBIARIT . P2 RAE P S5 LR IR DI RE I L) X DNASOE B i B R AR E AR SIRT2 R EAFAETANMRT, 7T AEG2/M Ik
A IR, S S RAE . AR . MRS S AE Y B SIRT3., 4. SILREIEFFERAADIRERRA; SIRT6FI72: 5DNA
1BE M4ERFDNARE R 4FEE .



-80- EMUFESEYIRHR

Prog. Biochem. Biophys. 2026; 53 (D

G A R A e R A SRR, I R OB R S

SN A4 28 22 U FRRE I &2 R e 1 SIRT3
BT B SRR 25 IR M, SIRT4 W EAT#%
5 1Y ADP-AZ B SE AL BTG 1, 3 L RITEPU A
BAAEIE T . P B A B 5 2 b e v R G
YEF ™' SIRTS (Y S LR & M AR s, HE
R AIEEMEL . B SO W, P
FESHEARW . WRE SR B
Y1 ff 2% N 1) SIRT6 5 SIRT7 WP [A] 2 5 1t S8 A2 b A%
2 (deoxyribonucleic acid, DNA) &5 K ILF 1%
MR, PRI AR T 5, Sirtuins
FIE W A R R Y R SR B, BRI
R ESE Y22 DIRE, JE 2R T N SIS TR
B

2 Sirtuins K& BESCIFHER SR &E
BIE =L

2.1 Sirtuins 5 H& E = SCIH & 5 fiE & B B9 1€ A
5l

R, SCUR WS FR ALY SIRT1 8 1 3R 3A
AOETRE, HHRA G5 RIEAM KA
iE B RERAG AR B R IR A OC . 2L DB EIE
FW, JE 253 T BORGE SIRT1 (fdi ] SIRT1
), AT LSRR, AR A SCLE 1Y
BEYIRE, W AlAEl R AORE RN, Rz, HEPAEL
B SIRT1 W] 2% . 2 T ) 98 R AF G 5 IR By 2 3k e
UESE T SIRT1 7E SCI i 41 il 48 AE S I v i) % 0 A
F o MUEIZ T, NF-xB I NOD FEAZ R K 1 4544
A % % H 3 (NOD-like receptor pyrin domain-
containing protein 3, NLRP3) %515 5 il B #IA K
A] i 2 Sirtuins ZK % IR SCI 5 G 98 0E v Y %
R WY AT o
2.1.1 NF-«xBf 5l

NF-«B i 4 A 306 7 SCLR 13 BE 28 S E I
N R SCHEAVE R 7, SCIS NF-«B 3 i i i #4
W, HEI il &% 42 R SR AE N - o (tumor necrosis
factor-alpha, TNF-o). F141% (interleukin, IL) -6
RN F KRB, IR EMZERE "™, 1)
il NF-xB {55518 i O 0E , AT 5 25 ek % SCT4 11 g
PR AAE SN AR RS, X S iR DR & A
FUAE T "0, WF9E & B, SCIJG SIRT1 2K [ %1k
(T BE S T 1 p-p65/p65 HLME, 2 3E SCI R #12
RERIRE 2, HLHI L, SIRTI it P45 & NF-
kB 9 p65 W3, RSPk 2k 2 A H S 202 310 £

5, FEK RelA/p65 1Y) DNA Z5 4 fE 11, Se&Amiilfe
RIEKR Bk A 2 253 2 wlm AR yT Y 1
Al SIRT1 Y5, A REMH SCIJE NF-xB 155
S, TR E B D RE R

SIRT2 A fig B A —E WM 2 PRI VERT, Z2300T
FERW], SIRT2 3 H AR IS HEH A DR
JE B A A A BB UIAOG 2220, SR, FErh AR
2GRS, SIRT2 AL 9 BT 48 AT AEAE
il , BARRINAFBITE PSR 22 5 filan,
6 A 750 900 ) SIRT2 25 BUNF-xB p65 L fbk
FTh L TR R, SR I A 2 A P R Y
i BRI IR, e 2 B 2 AT R
k27 AR A RS A, SIRT2 A] fig KA {2k &
RE SN VE o 0, SIRT2 HEPH m b/ IN BRU AT i %
TBI R SRR K IRERE | SR A 1IN 5 BRemse R, JF4
il P /N BRI A A T 2, AR, SIRT2
TESIE VA AT TR B XA AR, T RE S A 2 Ay
SEPE SRR T 25 A G

SIRT4 FI SIRT6 2 5 H X 55 S i i 22 ) G 2 58
iE S, HAS B VE AL B B R v .
., SIRT4 W] 58 i3 52 SCLJ il 2 41 iR i 1
TYETHHM (regulatory T cell, Tregcell) S5
SR . AR T, 4 SIRT4 5 K 2 359 4 il
W, Treg 4N 2R 244 K, ALFFIL-10,
X3k HE [ P3 (FoxP3) Rl A% fb A4 K K + B
(transforming growth factor-beta, TGF-B), 52
BT H RS2, SIRT6 % Treg 4 it 1) fiE JL-F G %
Mg 2200 AL, BT SIRT4-Treg 20 i 8 i)
PEAEAL] ,  n] BE AR P 224010 )5 A B0 P O
PERL L SR Z ORI e S S AT B IS 4
o WA, SIRT6 A7 B A Jol FEl A 245 0 6 A AR
JPHL KL . SIRT6 A 3 1o 41l il NF-xB 5 TNF-a i) %
ik, —J7 N E VRN RY TR SRS, S —
7 T AR R0 A a1 BT 28 Y M2 IR AL, A sh
JA IR 2 B S R B
2.1.2 NLRP34%E/MA

ALK 2 G A 5, NLRP3 S AE /MA
s, IR HEE R B I 1 (cysteine aspartic
acid specific pretease 1, caspase-1) i bIE B2 1Y
caspase-1. —J71f, A caspase-1 A #fES) IL-1P.
IL-18 55 48 i K 1~ 19 i 5 BRI, J3 3l R AE S
SRR SR N ST N il i £ e i
HHANBE Saa ™. B—Jrm, HiEfel
Gasdermin D (GSDMD) VI | Sy Jil A N 3 F B
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(N-GSDMD), % Fr B il 1 T2 i itss oL 24 i
Rk . 2, BRATIRAMMAET, InElth 2 20 b
i3 53, Sirtuins ZE M 51 (JEHJE SIRT, SIRT3,
SIRTS) nJ 3 i 145 NLRP3 &4 /IMA SN fE T3k
BRIHEHIRIER . SIRT1 43 NF-xB £ LBEfL, 7
il NLRP3 4 4 /A 0, SIRT3 W i i 9 442
N YEME B WA JCFE R 5 (autophagy-related gene 5,
ATGS) Wy CmEAk, i AW S SRARTR .
NLRP3 48 i /N 04 21 %€ 5 38006 0 Hi e T
SIRTS FRFFY Z2 4 v i il A e itk , k= 15
SCI HH RS, (MO AR Was, HAETTE
i P85 SIRTS,  BH A% NIMA #5487 (NIMA-
related kinase 7, NEK7) 1£ K817 s I BEHIME L&
T, DT Pk g5 1 53 £ A5 A5 v 0 ) NLRP3 A6 114
UM AET BT, BT SIRTS 78 AL N 3 5 AE At
HEIRFEAE T, AR R T 95 SIRTS Hr SCI H RE 5 4
LLANHI MR TR, RCHOS /N BT . TR I 4
ML A ARl 2 oeRE AR A2, R SCLIRY T #fit
B
2.2 Sirtuins X FEESCIR AL N HNIERS
HLHI

157 K % ME 4R 2 (reactive oxygen species,
ROS) 177 A= A AL 2 (B AP 1 ) A
R PR FZE R Y SCLR A1 2Bk i Bl 4, . 4k
WA D) fie F5E 05 45 g 2L b U 5 | & A BT B
(0,). THAMAA (H0, KAE,Y (OH) %
ROS %5 & B ', [FEE, NIEMIU AR S
n & e B AR i A L i (glutathione peroxidase,
GSH-Px) . #t & 1t B & A b ¥ B fb i
(superoxide dismutase, SOD) GEAEEAE, FHfi
ROS #7242, X B A AN TR0k B -5 BT o
i E AL . B TR MR DNA 545, #h 2 A At
-9 L, #dl ROS A b 5 9 A AL A R AR
A, ESCIM ARy IR EEMER S Z —.
Sirtuins LG (SIRT1~5) i 22 4k % 5 A Ak
IO 0E %, # ROS ik, 7E SCIH R AE L4
EH.
2.2.1 Nrf2/ARE[Z 5B

A7 E2 #1 G F 2 (nuclear factor-erythroid
2-related factor 2, Nrf2) /A% & 1k & W JC 14
(antioxidant response element, ARE) ifi i & HLIA
WOCHE R BT A AT R gE 2 — ' 2 B AT
2R SCLG WAL N, RIEM & RAE
FI 9 BEAEFRIRATT, Nrf2 5 Keleh B ECH ARG

£ M 1 (Kelch-like ECH-associated protein 1,
Keapl) #5618 SRR B TA0M 5T . 4R,
T2 B RSN AL RN, SIRT1TAE N Nrf2 |
TR T, Al i & S WA AB TR OE Nef2, i
59 Nrf2-Keapl tHE/ER, I 25 5458 Nrf2 % 5% 16 3%
F 5 AREZ5G 087 7, 4kl )G s — RN
FEPI e s3Ik 0 BR SIRT1Ab, 1E B i3)
PREAL v P S STRT2 FE 4 A 25 7T B4 i1 Nrf2 26
ik, ERALIDEAR O, TS SCLF W18
PERR 2 PRSI T & AE P SIRTS 2 I SIRT6
D) 388 3o i Nef2 A S BT A S 5 78 1 1078 0
R R TERT 2 DR E A

222 PrEAMHCHE

SOD J&— BT ALl , RERSH O, e fk
H,0,, it L%l (catalase, CAT) FI4BEH
i E P (glutathione peroxidase, GPx) if—
¥ H,0, 53 % H,O F1O,, MG B4 i i 2
I ROS . SOD2 i 2 #i %R (Lys) ZTWhiki&
M AR R . IER RIS, SOD2 PRFFELAK
() Z A KT = AP AR TR P . SR, 7
AL (0 SCD Z&AF T, SOD2 1 Lys68 > #
Lys122 B0 S50 g kKA CEAIE M , Xl CBE ke
M2z AL SOD2 I HT A A M, B 5 0, 1y 2k
IR, FETH 55 ZORLR X ROS YT B BE
H A ROSTEAMI N RN, nd A A i 0 . it
&L, SIRT3 1N SOD2 1y 56 b i 5 K 1,
FIE B% 38 o (3 S OC RS 2 R Bk B 2 kAL, R
SOD2 IR, H5RHKE O, $4 468 HLO, R,
A R BH W ROS 056 2 107, 9 2 44 i 40 Ak 7 A
P 00, SCI gy Wy #5 AU v s i 5%, SIRT3 B7
SIRT6 ** Xf SOD2 HyHLL[] 2 L WEAL I, A 280mids
SAALN AR, MR S A D REI A .

b JBYOME E e R ORE R BT R BE R
(nicotinamide adenine dinucleotide phosphate,
reduced form, NADPH) i NEZ L7, 7]
R U BTG M AE R DU AL 7 T IR SRR
M 280 BR % ROS . WFFE T, SIRTS i i 7351
XF S A7 R i U 2 (isocitrate dehydrogenase 2,
IDH2) i #ij % Hf -6- 8% 2 i = B (glucose-6-
phosphate dehydrogenase, G6PD) #E47EBEFAMEIL
SAa @A, 5 IX M~ NADPH A& ) ¢
A, $RTHHM A NADPH K-, DL 40 %52
SAACR B 0 1E SCTAR AL b A AfF 53 1E— 2IE
SETZAEALE . 0 R, IDH2 3R EImE K-
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S FE, S ENADPH E A £, ROS K
R, FALR AR RSN ;S SIRTS A RLFEAT
IDH2 (Y BEHAMEAL AT, PR HTE P, fE#F NADPH
AR, PEmHHI ROS B, BN A b

Zi I BTk, SIRT1, SIRT2 J# i Nrf2/ARE i
#%, SIRT3. SITRTS5. SIRT6 %It E AL AH & W ,
TE SCI 5 351 A8 A0 107 3% B 180 P B Wl 22 J2 U f 47 I
o (HASVERMIE, &0 TLRKRR SIRT4 3 T4
B RRRERHEN . BT &L, SCI/h
S A AR BE RS RIS AL E LR R R . s/ D
PR SRR B AL, B00E p21 18 B 1 (p21-
activated kinase 1, PAK1) #1 SIRT4 & 1Y FE ik,
MNTTERELRAA TR, SR R R LN, IS
N /% (malondialdehyde, MDA) . M2 i & i
(lactate dehydrogenase, LDH) Fl1ROS fJ/=4=, g
#E SCI#h & D)REE =
2.3 Sirtuins X EMMEISCIEHZATHIERS
ML

SCI A% Lo BRERAF Jyiz sh D) REFR AT, X 2
A Tz sh i a1 S BOHLR RrE 5
P2 TR T T T B 2 T 45 W7 24 5 o 8 TR I
N, R SCURAMEM A D HE B i s N E 2
— 191, SIRT1, SIRT7 FZiE 1 4% p53. FoxO3a
B SR DL S 2l DNA #0318 5 & BT I T~ 1) i
S ER]

p53 5 FoxO3a %% 55 K 1 J2: 41 il fiy iz P 3R A9 4%
DG Bl ZFNEES, 7 “BEE
27 5 “BPHET” Z MRS fEees, 2ALK
A E AR R I LB 22— SCLEAE),
YRR PN N B 5 S, pS3. FoxO3a S5k S H 1
FIRGIEPERGE ETF ), AT i Bel-2 X
1 (Bcl-2-associated X protein, Bax) g1
FLDH G 53 00 pS3 A SR v AR T 2
PEAb A& 7 SIRT1 42456 p53, Ifxf I C s
FAMRFEIE (W Lys382) X Mmtfk, il ps3 4 ik
P, WD NIRRT R AR RE Y R
WESE, 7E SCI/INRBAI T, 3o 33K SIRT1 s fiff HIH:
PR (W2 EE (resveratrol) ) A0, A~
p53 Lys382 i i i K L WAk, A RUAE #2480 AF
W, W SCI/hRiZ s Ui fig ', SIRTI X
FoxO3a [ 4 M S B H WA RN . —J71i, SIRTI
Al 3E 3t 25 2 WA B FoxO3a, R4 I T AH 6 2L
Tk, G goniET T Blan, EREMZRR
By Y a AT E T DL R B R R R Y AR )

JE b BRAT STRT1 )35 L 1H, A 2K FoxO3a fiY
BRI Bax/Bel-2 (UL 1, W4 pIZ
JUANMIR . 93— 7T, SIRT1 2 ZBe Ak B e s
FoxO3a, SHia bl (WSOD2. CAT. GPx)
JE BT IX ka5, BRI SeliiagFak, R4
HEHTE AR BRI RE T, D I E T e

SIRT7 3= %56 v T 20 MO A% A% A~ S g £ )5 X
B, BAWEDNAMGELE . Wit 2. 4
Rk N Ra 2 e . SCIJ (1) DNA 45 L) Bk
Wi B FAURE T L A0y, i IR T SR SR A L
W5, T BV MU A9 E A5 (A% R S
LESLECIS € 2P J IS ek | Boi e i
O o SIRTT I 45 B0 Jk PR ¢ 38 2 1 174 2 W agt A% 4k
ESINES ¥ AL BN D WG A NA Y AT UK B WAL <)
2 CBEACAE FE X — P 5 450 405 40 O 1 21 8 bR il
H3K18Ac HEF T, i 7F LA 41 B2 14 Fl DNA &
g2 AR E A, SIRT7 LKA 5
B 5 1 Wi 08 4 /I BRI S5 DX AR R 28 T8 1 A7
I 77, MG DNA S = 6 01, sl ph 2 o0
DNA i/ S 4 IE T . Kiran 25 77 ({55 [H]
FEIESE, SIRT7 T T DNA $ AR 119 2
FEAR pS3 L MEALACT- I i L SRy Thag, M
Hil e T .
24 Sirtuins X ERIFAESCIF B EEHWIERS
B

H AN P —Fp 22 B A PR,
VAN Z AR . BRI T L A
DA DR S5 40 JoR 2 1 A K e T I, R4 TN
BRI E 2 [ WELE SCI R P AR 3 K 4% 00
FVER . AESCUH, W T bR 2 B 4o (4 A
B, WREMNIL, BOMETotT; 2l
PEI R I, R RE S I ORN A A (A A
W Ak g iR B S RS, Tk B AR AN A IR
A, hnE SCIFifs ®. HIt, KEUHEJEEE SCLE B I
-t F B I AN, PR R L T AR B R
L,

1E SCIsh Wil v, SIRT1 FIHE A5 AMPK
0] L S R A A R A 1 (mammalian
target of rapamycin, mTOR) 5%, MM H
kA, Rk SCLR Mg %', SIRT3 I
SIRTS M e F W, SRR, /N
21 e 1L T I S 200 ) RS L FARAER AD) R R e 22
TCRIRAE, MGEINENTIRE 5 HLH 1, SIRT3
%7 FOXO3a 19 3% 4 ™' L &z AMPK/mTOR %l %' >
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PHAT AW, PRI IT SRS ERERIRE I, TR
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Table 2 Regulatory roles of the Sirtuin family in spinal cord injury (SCI)
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Abstract Spinal cord injury (SCI) is a highly disabling trauma of the central nervous system, characterized by a
complex pathological process involving intertwined multiple mechanisms. Key pathological events include
excessive activation of neuroinflammation, oxidative stress injury, neuronal apoptosis, autophagic dysfunction,
and energy metabolism imbalance, which severely disrupt the integrity of spinal cord neural function and
significantly reduce patients’ quality of life. Currently, clinical neurorepair strategies for SCI have limited
efficacy and are difficult to achieve synergistic intervention targeting multiple pathological links. Therefore,

exploring novel core therapeutic targets and precise intervention regimens has become an urgent need in this field.
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The Sirtuins family (SIRT1-SIRT7), as NAD'-dependent deacetylases, play a central role in critical biological
processes such as cellular metabolism regulation, immune homeostasis maintenance, and stress injury repair, and
have been identified as potential intervention targets for neurological diseases. This review systematically
summarizes the cellular localization and core biological functions of each member of the Sirtuins family, with a
focus on their regulatory roles and molecular mechanisms in the pathological process of SCI: SIRT1, 3, 5, and 6
inhibit the excessive activation of the NF-kB pathway and block NLRP3 inflammasome assembly through
deacetylation modification, thereby participating in the regulation of neuroinflammation after SCI; meanwhile,
they alleviate oxidative stress injury in spinal cord tissues by activating the Nrf2 antioxidant pathway and
enhancing the activity of antioxidant enzymes such as SOD and NADPH, forming a “anti-inflammatory-
antioxidant” synergistic protective effect. SIRT7 delays neuronal apoptosis by promoting DNA damage repair and
inhibiting apoptotic signaling pathways. SIRT3 and SIRTS5 target mitochondrial function, improve mitochondrial
energy metabolism by regulating the modification status of enzymes involved in the tricarboxylic acid cycle and
oxidative phosphorylation, and restore autophagic homeostasis by modulating the acetylation levels of FOXO3a
and AMPK, providing metabolic support for neural repair. We summarize that a variety of natural Chinese herbal
components (e. g., resveratrol, matrine) and synthetic compounds (e. g., SRT1720, AGK2) can influence the
pathological progression of SCI by targeting and regulating members of the Sirtuins family. We propose that
Sirtuins-targeted combined therapeutic strategies (e. g., combined with stem cell transplantation, neurotrophic
factor supplementation, or antioxidant intervention) are expected to break through the limitations of single
therapies and enhance the repair effect of SCI through multi-mechanism synergistic actions. In conclusion, the
Sirtuins family exhibits critical mechanisms of action and potential intervention value in the pathophysiological
process of SCI. This review summarizes and prospects novel Sirtuins-targeted therapeutic strategies, aiming to

provide new insights for basic research and clinical translation in this field.

Key words spinal cord injury, Sirtuins proteins, inflammatory response, oxidative stress, neural apoptosis,
autophagy, energy metabolism
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