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(0 RS 2 TR G E 2T B, R 300072; 2 Kytrp B2k e a4 R, Kt 301617;
D R R 2 KRS AT R A Ly, KEE301617)

TEE HHEHS (spinal cord injury, SCI) Z—FEBuktEh & Ra 0, HARHIERLE 24 H ZHLHIsc 8L, WM& R
PEGORET BTSRRI AR . PR AU T A SR EL A AR IR R A S OGP E IR AR S T R S R
AR S AT R . H Al RE X SCIAM B 2 R A PR, MELLSCEL 2R B P ) T, PR R A%
DB SRS HE T WOT SR IZ A8 Y75 R o Sirtuins % (SIRT1~SIRT7) 4 NADYHH )25 Z B fLB, ZE4nit
AR | RS YERE . NI OB E SO E Y B B AL O PE R, CAOIESSR M S RGPOR I T . A
RGBT Sirtuins AR M ATAEE L S0 Y2 T RE, HS LEA A SCUW BEE R vh i 45 M F & AL«
SIRT1. 3. 5. 6t L BEALAE A0 ] NF-«B i B2 BEU0E . BT NLRP3 ARAE/IMALIRE, 255 SCLG # 48 Hafie 2 1) I
W5 (A AL R Nef2 BUEfLid i . $27F SOD . NADPH S b A ALEHE M, R B a2V AR i ti, TEm “hiak-pis
&7 DhFERYT; SIRT7 i e f DNA GBS . MHIVAT (55, MEEMLAMIAT; SIRT3 5 SIRTS JUIHE [m 28 ki {4k D)
fig, A RMRIGER . AR AL R IERA , ekZR AR RE R, [WAFIE 1 FOXO03a. AMPK 1) ZTkk/K
I, KE AMRS, B RAMIE I, RNTESE LI, ZRRRPHANS (AN, %5W) KAaREY
(WSRT1720, AGK2) i 1[4 Sirtuins ZEE ML, S0 SCUFRMEfE . FRATIAY, LA Sirtuins A g3 IHEG1RTT S
(WA T AR AR . P2 FAb TS . BUARTI T %) AR R —y iRy R BR , 3l i Z LB R A FH 4T SCTIMIE & 4k
Ho ZE 1, Sirtuins ZWEAE SCI 1A AL BRI i HLAT SC VR HIMLHI BB AE T U (E, FRATTRZ5 IR 2 T ¥ 1) Sirtuins (1957
TRTTIEMS DAY N2 i SR AT 5 1 PRI AL SR A R

KR EBERIYS, Sirtuins®H, RAEKNY, FULRIEL, fREUETS, BAWE, AeE
FESES R34, R74 DOI: 10.3724/j.pibb.2025.0377 CSTR: 32369.14.pibb.20250377

HHEf115 (spinal cord injury, SCI) Jg&—7Ff ™
HEEARERAZRFAMEER, SRS
R VIR A TTD DN N U R eawrs] I ity 1 Ve A E R o 28 )
Zoft oo e FOB E 4 41 (World Health
Organization, WHO) WATRF&iTEdE Bxn, 4
BRATEE 1 500 77 NGBA SCL. &4~ SCLERE 1Y
YRR B AASER L 300 30T Y. XA EE
FREV Sat oxas ot A . A4S BRTC A 2500
7 (R . i syaE)  AMEHEE TR i
SR . HMEAEIGYT 5 AR R S IR S 2
IGIT FB, (AR SZBR T R A% ik 2 4 M P A fig
H i AR B e s Sl SC1E M & Dise iy

e W RR S SR SCHIRYT
W, AT A BRI AR LR AR A e PRAERS 5 2
T AR

Sirtuins J& i FL 3 9 111 28 41 26 11 25 £ Bk 1k il
(histone deacetylases, HDACs) FKiEm 2 ¥, J&T
T Tk i AR M2 Y B% R (nicotinamide adenine
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dinucleotide, NAD*) Kl L WefLm, FEHS
PEZ NAD K . FEFLAI IR, Z K%
&7 B (SIRTI~SIRT7) ' . B 98 F 52,
Sirtuins AJ 76 RAE N . P RACHE . A00E A, A
AR 0 R 20 M R T A 2 R A A i R R
HEREEER, B G EE . ph 2R
PRI U I BRERE S5 22 R R T RV R Y T HE
AU R AE MG RGPR A, Sirtuins 5B
Gy LA EAERR A | BT R PR BRI S S A A
BBl 2 g, . SR, BRI
e SCURERAE B R P TR EAE T, WA RS
gk, ¥ Tk, ASCE T4 M LR Sirtuins 78
SCI H AT RE AV FH S B 0L, TR EHAH a
JA¥ Sirtuins 76T SCLAYBFFE SR MG, LAY SCLAAL
] WAL A A AT LA

Rossmann?/t
B L ek

1 SirtuinsZ|E B G 5ThEE

Sirtuins £ [ [ LAY ZERE H K24 270 A F R 4H
B AR SFHEACAZ O 25 ¥4 38 (catalytic core domain)
FT v 1T A5 A (N oAl C o) 2 (B 1) .
R R r 9 5 25 RS, B
Rossmann 7 & 285 #4 5 (NAD/NADH % & 45 1iF )
MEFES G a5 El, Fm s, B i nyfE
A% 5 N Al C i KIS B 5 81l 48, ]
Sirtuins MV 2 F) N s 1 C o (<R 28 5 25 110
PRSP AZ OB £f T Sirtuins % 48 — P4 T HCH
NAD' ) 2 £ T At/ ADP-AZ Ml B B il 1 14, i v
5 (4 N iy /C Uiy fff Sirtuins 5 AR A, K#EZ
FPERT

Fig. 1 Overall structure of Sirtuin deacetylases

Bl XZEUBBHEEREN

RossmanniT & 25 I LR (307K, FHEE B AL B0, FiE T

ESUDE it

Sirtuins Z¢ 15 i O A4 0 40 A o7 B AT T B2 R 5
Yo SIRT1AFAE T AR AZ AN s SIRT2 22
FFAE T 40Ha i b 5 SIRT3. SIRT4 A SIRTS 4311 T
ZRifA s SIRT6 HI SIRT7 /& i T AL N o i Fhas
] 3 AT ) AR E T EATT ] 23 2 S RE A
BEIRZHARSE | IO e 200 e 2 2 O B A it
fe (K1, K2). BARME, SIRTIZ H R i
ARG, Hadd & B E E H ps3. iR
16 Wy g 1A 5% 5E W) WS Sz Iy TS T L
(peroxisome proliferator-activated receptor gamma
PGC-la) . Xk HEHE 11 O
(forkhead box O, FOXO) FI# K+ «xB (nuclear

coactivator 1-alpha,

SEWLLRERIR, @ TUEGIRR, NI S ARR, Chi

factor kappa-B, NF-xB) SEJiE4), £ &AL K
P PSSR IR 5 LR AT REJA T LA A DNA 46
DS i fe b AR A Y, SIRT2 FEE N T
A, TR G2/M (gap 2 to mitosis) 1]
PEA AR A0 AR, a2 SRR
SE JVE ) 5 e P 28 2 G e FIRRRE 4 2B e
SIRT3 ELA I i A RLIR 25 S ERG 14, SIRT4 Il
BAE R ADP-E I R g 1h 1, 5 L)1
PUAAALBATA TS . B KB R it R rh &
FEOCHEAER] 1. SIRTS #Y 2 S BERGTE PE AR ,
B R 9R EIEIMAL . P ZBe Ak S — Ak
e S F A W A A A i R Y
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Mg, % SirtuinsZIRFEE BEIRG P EERILE SIGTRIR

1 Sirtuins KRR EC S II8E

Table 1 Cellular localization and functions of the Sirtuin family

BRI SEAL AR % L HALETAR Ihik Sk
S AZ AN ] FALRIE ., A RE . Rk ThREpERg ., )
SIRT1 B Ea p53. PGC-la. FOXO. NF-«xB
it J DNA# S
A % A4 [12]
SIRT2 *HJH@H;: . *£ LB PEPCK1. NF-kB. FOXO. 6PGD 4. Aufass. SO0, AR
JAS
. SDH. . GDH. it BRI JOE . Rk ThAgp 0
SIRT3 AUl - AceCS2. SDH. SOD2. GDH. FOXO03 ftiff ?«zmmﬁi JORE - LR BRI RERE
a. IDH2. OPAl . EARES
[13]
SIRT4  ZBhifk F: Tk ADP-ZBER T GDH. IDE. ANT. MCD RS A wh . PR
Bt LR
SIRTS  ZRkifk HOME EP Qit HIH CPS1. GAPDH. SODI. IDH2 AR, WEREAR. LR bl
[y
S L 37 Rpifes . HEARE U
SIRT6  4ifEt% $ k. ADP- B LTS HIFlo. PARPI. CtIP EEM &5, DROBRIW. ZRARE
ZHERRNAKE . DNABMHIEE . 4 b5l
SRTT Bl e~ RNAKAFPoIL, ps3 Z kR 3. DNAfUIIEHE. 41

vl

p53: MRIZEAS3; PGC-la: i35 by BRI Gl My S2 ARy A BTG IH F Lo, FOXO: SGKHESE HO; NF-«xB: K FxB; PEPCKI: B2
I N R B B 15 6PGD: 6- TR A M UM s AceCS2: ZMEAHIEASINME2; SDH: BEHIRI A A ; SOD: &L L;
GDH: A& MRS ; IDH2: R BEMMAE2; OPAl: MIMZAZES4EA1; IDE: MG XIRMEE; ANT: JRIESREREZEN;
MCD: N BB ANGRES; CPS1: % H BLHERR <M Ei 1. GAPDH: HiMEE-3-BiMRI A ; HIFlo: BEESIN T 1lo; PARPL: BIRH
TR AR A CUP. Cimghi AR M EEREN .
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Fig.2 Cellular localization and functions of the Sirtuin family
E2 SirtuinsZHK AP RIEM S THEE
SIRTI/FTE FANMA AN ANH R f 5 SIRT2 F EAFE FANMIR F; SIRT3. SIRTAMISIRTS 4348 F kit ; SIRT6 FISIRT7 4 37 F A MaA% 14 -
SIRTIAEEAL IR . 2R S P S LR IR DT RE IS LL S DNAB i 18 i B R R AR SIRT2 F 24746 TS, W AEG2/M itk
AR AN, S50 . A, AT SF A Al B s SIRT3, 4, SR AEFARAIAERSAS ; SIRT6MI7Z 5DNA
1B MAEFFDNAJE H AR E o
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P 14 A% NG SIRT6 5 SIRT7 M B[ 25 B 4
BiHiZR (deoxyribonucleic acid, DNA) &5 & JE
RIAH e e+, dE s dn A & 0 25 1,
Sirtuins < J% B 5% A8 % AN [F] ) 0 R S PR A 1
RIFZFEACIEZE Y IIRE, S22 Fhs T 1)
K TER A

2 SirtuinsZ & X 5 £ & 8% 4
A BERYIE =B i

2.1 SirtuinsZ ¥R 7 & BE 153 {5 2 & RE S Mz A O 4
ASMNH

WFFER], SCUR RS HRAL K SIRT1 # H # ik
KOFTRE, HHFRE RS R F K5
BB RE AR R B ORGP )RR IE
R, 25 TGOS SIRT1 (] SIRT1
g, W EPEHRE . AR Rk SCTE 1Y
EUIRE, AT B AR RN s Rz, R
[k SIRT1 WU £ I 25 il 4 JF AH O 3 PR Ay 2R ik e
UESE T SIRT1 7 SCIJs 1] 58 iE 2 W Hh il A% 0 A
FH. BLEIZTE , NF-xB HINOD FEAZ R AR 14549
A1 % % 3 (NOD-like receptor pyrin domain-
containing protein 3, NLRP3) %5155 il B9 A N
] fig 2 Sirtuins Z 1% 45 SCLJ5 Hu 8 48 AE I Y 5
R WAV 3 o
2.1.1 NF-«Bfg Sl

NF-«B 3l {5 1306 7E SCI ek i 1 28 9 0E
N R AESCEEVE R 7, SCIJF NF-«B i fif i i 3
T, Al A A2 IR R FE I - o (tumor necrosis
factor-alpha, TNF-a) . [/} % -6 (interleukin-6,
IL-6) SE4E &K+ K sk, 7] kot B &R
SiE U8 S NF-«B 5530 8% 090, ) R R
SCI 7 JR i i A S L FR B, % i s i 22 2
RefE 2 - AEBAE R o, 5T & 3R SCL i SIRT1
B H PRI 0T E RENS T JH p-p65/p65S HLfE , i it
SClE Mt Y. MUl I, SIRT1# it B
FE4h 5 NF-xB [ p65 WAL, Fi5 2 L Wb i &
Fik 3101V 15, 1K RelA/p65 i DNA &5 & RE 11, %
LML 5 BE A BTG s B2 2, 253 ) Bl A
J7 2 ST {E ik SIRT1 #YRE, AR SCIE NF-
KB5S MBS, ek 5z sh I RE RS

SIRT2 Al fig B4 — & M A /AP E T, 25t
FERW A FRA N SHERE A . DR
R AL BB TIARSC 20, SR, ZErh xRl
itk e, SIRT2 (AR R st 58 SO0 A5 A7 7 4

AHRHIERS

o

W, HAERINARIT P s R 2R fltn, i
FHA R SIRT2 2 FEUNF-kB p65 LAk /K-F-
Fhn . TEAEg R, SRR 2 A KRB RN
1A 5 B A R R, e 2 R 8 AT O Bl 8
b, (B AEWHRGE, SIRT2 v gEHA e &
i S AR F o 91 41 STRT2 3 PR 5 /0 B v vl
TBI K B R K I AR EE | 22 ik i i 5 e I, -4
ol P £/ BRI A L A T 2, FRATTIACH, SIRT2
TESRIE VAT TP XA AR, ] RE 5 AN 2R Ay
SePE R SRR 25 A G

SIRT4 Fl SIRT6 2 5 X 55 1 Ji et 22 ) G 2 58
SE RN, HLA A E I PLE B B B Ay k. H
H, SIRT4 W] 38 o 520 SCI 5 il 20 2L Hhis 1 11
THETYIMY (regulatory T cell, Treg) HIFES 5 R
SEVATE . BARI S, 24 SIRT4 SE R R B g il i
Treg 20 Ml 23 4= I ZHi R K, WG HNFE-10
(IL-10) . SCKHEFE I P3 (FoxP3) HFefbA: K A
“F B (transforming growth factor-beta, TGFB), 5
ZIE O L, SIRT6 X Treg 4L BB LT G 5%
i 250 PR, R A # AT SIRT4-Treg i % 14 14 45
BUHI, AT BE AR v A2 il oot 280 403 J PR B0 1 f 28 I
B SRR 2 (R AP P S e S N S T RO BIF TS i A2
A, SIRT6 A7 B2 i Ay il 1 28453 43 ) A7 R o 7
Ao SIRT6 A] 3@ 2 4101 il NF-xB 5 TNF-0 fy L, —
D5 T EL A0 01T #% 5 AR YE, O —Jr e
HEE AR BT Y M2 B AL, S5 2 B A L
g EHRBEE B,
2.1.2 NLRP34%E/MA

LA 2 YL s i, NLRP3 S8 4E /M4
BEOWOWE L HE T IR 2E R R R A B 1 (cysteine-
associated aspartate-dependent protease-1, caspase-
1) JEIE s caspase-1 85 . — 5T, K%
P caspase-1 8 FI il ol #E s A /- -1 (IL-1B) |
AT ER-18 (IL-18) FE4E N5 RS B, A
BIRAESON, T8 3 S5 AR S 2E A TR B S A e 4 1
R, AL E SEE . Jh—Jm,
HiA 8 Gasdermin D (GSDMD) HI#1 A N
vig B (N-GSDMD) , % 1 BEil i J s AL i
FEAMEEIK . B, RASIRAMEAET, InElp
A . Sirtuins G BT (JLHJE SIRTT
SIRT3. SIRTS) [ izt 4% NLRP3 8 hE/IMA 5 41
M Tl B BT R B . SIRT1 4 NF-«B £ 2
BEAL, ] NLRP3 AR AE/NMAR TG ©+°, SIRT3 I
3 A PR IR A mEAH G L S (autophagy-
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MK, % Sirtuins K REEERGHNERVG GBS °5.

related gene 5, ATGS5) M MEfk, i A W54
EARFR A M NLRP3 2AE /IMA A9 21 ¢ 5 30% 0
H I SIRTS (5% 22 2 v 1 il 1 4575 s 401 05,
ik = H 5 SCI H4Z CH 5T, (HE AR BN,
HL BT A] 38 i 98 17 SIRTS,  BH 5 NIMA AH 3¢ 3 g 7
(NIMA-related kinase 7, NEK7) 7F K81 {3 5 (1) 3%
BB b o, DT A A R 0l 52 A5E AU e 4 ol
NLRP3 A A AT 70 2T SIRTS 1144 L)
HCSRe AR AR, RE W BIE SIRTS
SCITh e AE L2 il A AR TR, B LR /i
Jo . AR AN P A AR 22T e AR A RZ
b SCLIRYT FRHEHTHE A
2.2 SirtuinsZFHK RS BEIRGREW B IIEEE
YE RN

157 K S 36 PE 42 (reactive oxygen species,
ROS) 17 A AT B AL Z (R AP 5 | AR
AN R EZ R ZE Y, SCLE 8 B LBl . 28
7 A Dy B R 1 4 B AR fb R 5 | & AR B T
(0,). HEMHA (HO0, KAHEMAY (OH ) %
ROS 1 & AR 0, [RIEF, NIRMESLEL RS
n 25 e B AR i Ak i (glutathione peroxidase,
GSH-Px) . #t & 1k #g W & A b ¥ B 1k i
(superoxide dismutase, SOD) FEAEEAE, Ffifi
ROS #7242 2R X B A A B T 06 B 1y S BUTR o
i E AL . B TR MR DNA 45, w2 At
-9 e, #l ROS A o 8 AL A R R
A, BESCIMAZRYPIRITF EERWELHZ —,
Sirtuins Z WAL G (SIRT1~5) i 22 4k )8 5 48 Ak
JO7 0 %, H0H ROS K3k, i SCIH A& 4% fR47
EH.
2.2.1 Nrf2/AREfF5E ¥

B 2040 B 2 #H OGP+ 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) /AL ool
(antioxidant response element, ARE) if %2 HLIA
OCEE BT BTI R gE 2 — ' 2 B AT
DR SCLUG AL B, KM AR AE
H e AR, Nrf2 5 Keleh £ ECH A%
£ H 1 (Kelch-like ECH-associated protein 1,
Keapl) 456 T R B THIMITT ' SR,
TEZR A2 B AR, SIRT1AEN Nrf2 |
WP, Al 5 AR B RO Nef2,  H
559 Nrf2-Keapl #HEAEH, I 3538 5 Nrf2 % 5% 1 21
RE AREZGRES ), gk A s — R AN BrA
FE By s 3Rk 0, BR SIRT14b, FEE a1 5h

PRSI A P A S STRT2 21 i 75 T 48 il Nirf2 36
ik, WAL, T ZE M SCLG H WL A 12
PRI 2 PRSI O & AE P SIRTS 2 I SIRT6 =
D 368 o AfE 32 Nrf2 A 52 B0 SR AR 5 1 i I A8
R I R TERT 2 R E A

222 HUEAAAHOCHE

SOD & —JCHT A AL, REASKE O, Feik Nl
H,0,, Tt E b &M (catalase, CAT) FI4FMEH
IS E P (glutathione peroxidase, GPx) if—
A4 H,0, 53 % H,O F1O,, MG BR 240 i N i 2
fIROS . SOD2 {& 1EZ #i =R (Lys) LMEiLiE
MR A R . TR RIS, SOD2 PRI
WA ) O 4 B = (T 2K AT i SO/ N T ¢ =
03 (an SCI) 14T, SOD2 iy Lys68 ** Fl
Lys122 B0 S50 i kA CWEARIE T , X Fh QB 1
i 2s AR SOD2 By A fbid v, B H 50, #Y
R, BT HI 55 2R A6 ROS (1978 B fig
A ROSTEA ML N R, I E A i A . ot
SR, SIRT3 1k SOD2 fy 56 b i 5 K 1,
AE A% 18 od foff ok B OGBS S PR AR A 2 S kAL, ISR
SOD2 [ REE M, 5 HME O, He4k o H,O, A%,
A R BH W ROS I Sz 107, 9 2 441 i 40 Ak 7 i
P3¢, SCI 2y Wy #85 AY v s i 5, SIRT3 P77
SIRT6 ' Xf SOD2 W4 [] 2k L MEAL i, A omidz
SAALP AN, MEE S A DRI .

b JBYOME TE e MR ORE R OB T R BE R
(nicotinamide adenine dinucleotide phosphate,
reduced form, NADPH) ZAiffi NE L )H7], 7]
B SR PR VI AR A A T IS JRUIR S
M = R R 6 ROS . WIF5ERB,  SIRTS @i 73]
Xt SEAT G R i =B 2 (isocitrate dehydrogenase 2,
IDH2) Fl % %] B¥ -6- B 2 B & i (glucose-6-
phosphate dehydrogenase, G6PD) #4171 BE Mk
SR ZRRAAEME , B0UE XM NADPH AE ) ¢
NG, TR NADPH K, DG4 20 i 2
AAL R AR . FE SCIAR B v p iff 5% E—20E
ST ZAEALE . BRI, IDH2 BEEImE ALK
SH T, SENADPH A KA, ROS K&
£, FALN AR RSN s B SIRTS A R AIK
IDH2 I BEIAMEAL K-, IR G, fedt NADPH
A R, HE B ROS BB, % i 4 i A ik
it

Zi L Jirid, SIRTI. SIRT2 # 1% Nrf2/ARE i
#%, SIRT3. SITRTS. SIRT6 5 1 A b A il
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FE SCI 5 25 Y S8 A0 1 3 b5 18 ThoE 1l 2 )2 IR AR 4 I
% (HAEREAE, EN TR SIRT4 3 T4
FEERRRE R HEN . ST RCR &3, SCI/N
FRAE A ABUK BERL ARSI SE LR IR R & L 98l
FRVE SRR Ak, JRTE p21 SEBK TN 1 (p21-
activated kinase 1, PAK1) #1 SIRT4 5 [ )%k,
TR LRAR T RE, S IndniRRe b, e
A "l (malondialdehyde, MDA) . ¥|82 i & i
(lactate dehydrogenase, LDH) #IROS f/=4:, 4
ik SCIfh & YIReiE =
2.3 Sirtuins KRB RBRGEHRZATHHIIEE
S51ERMLH

SCI A% O PRAFRAE bz s Dy R R A, X 2L
H P Fiz g e oo T2 S BOLA AT S 4
P2 TR T L T BN 5 ) 45 T 4 5 8 BRI
N, JEAE B SCLK ANE M2 T REBIR 1) S R 28 2
— %) SIRT1, SIRT7 FZilid 845 p53. FoxO3a
M SR DL S el DNA S (18 2 R T M T iy
2R EN .
231 A TR SR

p53 5 FoxO3a % 55 H /2 4 il fi i P 3R %
DFERIS . BEAEG 2GS, £ “BEAE
f£7 5 “BIPHer” ZME e, 2R
HCAE T E AR R e B B 2z — . SCLEESR,
2T PN R A S S, pS3 . FoxO3a 2555 5K+
FIRGIEMERGE BT, AT B Bel-2 X
# H (Bel-2-associated X protein, Bax) SF{¢ {1
LD 53 170, pS3 I e I v BE AR T AL 2
WAk A 7, SIRT1 BAEAS 5 p53, JFXTH C R
MRk (W1 Lys382) XMWk, il ps3 sk
TEPE, WO IR TR A RS PR —
HAUESE, 7 SCI/NEUELAEIrh 53 23K SIRT1 sl f#
e ahH (AN ZE 5B (resveratrol) ) AbFR, 4
T p53 Lys382 i fi i L Mk Ak, AR IR0 F
i, g SCI/N iz s T gE ', SIRTI &)
FoxO3a [ 45 M| 2 80 HOBCEE %0 . —J5fT, SIRT1
Al 38 3 25 2 WAL 161 FoxO3a, 838 T AH 56 A
Tk, R LonET " Flin, ZRREMZK
iy 7 a-tUATER Y LR R R IR 7 Y
JBT AL R SIRT1 %3k LH, A 3K FoxO3a 1)
ALK, AR Bax/Bel-2 B9 FIA 1L, IR M4
JUANE G, 55— 5T, SIRT1 2% L BHALIE RIS
FoxO3a, SHiA bl (WSOD2, CAT, GPx)
RS XIREE G, HEomX SOy ik, e

SRR 0T A BN STE 2111 T e

SIRT7 3222 58 v 4 M A v A~ B et it X
B, BAWEDNAMGES . Wit B 4
FriL N HFa EMIVEFH . SCIJA i) DNA 5145 L) 2k
W RURE T A0, R TR T S8 AR SR il
Wi, Ja# VR TR AN SAE A T A0 A% R A
PR 245140 36 [R) 5 B0t 28 S L TR 21 AN e Aol B g
I SIRT7 il 45 S50 Jk PR 3R 1K I 1) 28 WU 35t 4% 4
Fi . ZORARRRAS L S AZHME R A B, 38 3 67 A
2 CTARAE FE X —Fh 55 45 405 A0 OC 19 21 8 bR i
H3K18Ac #HAT I, At i 3 PR 4H £2 P F1 DNA &
2 AR E A, SIRTT vk skt A &5
B P 1 i 8 4 /DN BRI T IXOB A B 28 T I A7
i, W IR DNA B R ), Wi sz oA
DNA i/ FHAIEIT- . Kiran 55 77 (5% [F]
FEUESE SIRT7 R I 1T DNA #5475 40 56 B 7 A9 RAL
FAK p53 LWL KA R St aE Dine, F il sk
ZILIHT .
2.4 Sirtuins KEEEBRRG P EEFERNIER
HLH

W20 N — PP [ R AP,
TG AR SZ AR . FER TSR B T L R 4
DA DL S I 2 A /K Ff AR i, AR 2 PN
BRI FaE N [ METE SCT A FH AF B & 4 X0
FVEM : FESCURM, MRS 15 bR SZ i ok A ofn
WA, WREANEL, WMLt E A
PEW RSP, R0 BB N ORT S RE A5 B
W Ak T g i SO R A, B A AR P 41 IR
BE, JNEE SCIHf; . i, KEE SCLE A 1
ST B BN, PR R G TN G
HE,

1E SCI BRI v SIRT1 (13875 15 AMPK
HETT AN LS P & R 4 1 (mammalian
target of rapamycin, mTOR) {4, MIET AL
(%, Rk SCLR Mg %', SIRT3 I
SIRTS @i (2 i FI W, S fenig, 22/ ot
28 L 0 L T IO 200 B A T, R AERBAT IR 2% T R
(Alzheimner’ s disease, AD) Kk Al 25 J0 H) R
FE, MO NI EE B, ML L, SIRT3 45
FOXO3a Ay 7% 4 ™ A & AMPK/mTOR % "' 3 74
TAME, YT SRR, nT TR
PR 28T G A2 Pk e L ) 46
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Table 2 Regulatory roles of the Sirtuin family in spinal cord injury (SCI)
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Jilub/ N
e 118 1 FE
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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. 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
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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-«B 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 SIRTS 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 combination 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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