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HhOHK 28 R BP0 (central nervous system
diseases, CNSDs) 248 i Fl 5 25 14 5l D) fig 52 16
M5 1R — 25095, FERNzErh | IR 3R
(Alzheimer’ s disease, AD) . WH 4 # A
(Parkinson’ s disease, PD) . A #f it fi (spinal
cord injury, SCI) PAA i ised 25 ', CNSDs 4E
RAEEREER I R S BT R, HE AR
R LT . PR T AR . PR ARAE
G AT RE S IR 3 Z AR B R, T E s s B
OEREFA NG B 2 R & IREIT R 2T
JrEEARWTE B, (A4 X CNSDs BIGIT 259 f A
8RB . BT, V5216797 CNSDs I FEZ
Y (Rl R FIRIT20)) DO A S50 Bl ik 5
B, SEOGAITHORER B A, IRIT TR BE
P2 LB B IR ESEAMERIN 2R, R RE Y ) e 2
TR B, TRAIRIT BTG CNSDs [V 7E
R ) B ) 9T B AT E A B s SORII
RHME
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YERWNIEEE S5+, RIEESHR . BT,
WERERNRIEZMEY 2" . ILBEi
(lactylation) Jz&—Ff LLZLIR R 2 FR 5% M SIS 1Y)
oAl R B B OPE 5 & i (post-translational
modification, PTM) Z&#I, TEJIEILH 5 &
PENZE . ARREARIT . IS A R AE T A A P P
BUI b AR AR ] . o sE, PD /MR
BAA P IR ERE LM, JHMEdAEA
H3K9 FLIEAL , 2k I o) 9V Jo 2 AR S 7 i
11 (solute carrier family 7 member 11, SLC7AI11)
Fik, /DA MOE TG TR 2 SRE , I
ZUeReM g ooifh, M2 PD/MRizsh ke
BE A% 5 K A SE W R L, R 2 OB
(lipopolysaccharide, LPS) Fl1-H JE-4- 2R FL Y e 25
¥ (1-methyl-4-phenyl pyridine, MPP") A4t n] i
LA/ B AR M b FLIR K S A ELA 2545 E
p300 (E1A binding protein p300, P300) /CREB %%
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&4 M (CREB binding protein, CBP) #ik, A%
4 H H3KOFLBEAL, Hl1) EH SLCTATL Rk, {2
E /N 5T A M s . JH NOD 32 K & 1 3
(NOD-like receptor protein 3, NLRP3) ZhE/MAZ
ik, MERRE SRR T s, FLRR AT @A FL
WEAL A AR 4R ThRE . Bl CNSDs Bijif i 7
TERL A5 o BB —Fhie 4 AR F
B, O IZUESCAE CNSDs R Il 28 90 |
IR LRI . (2P 2 A AT Bl A )
REREAFSF Z HAEH ™, AR, FLIRAH &
FLIEAL AT i 21z 3l SE A 28 R AP R0 1 B 2R PR L
il 8 ff iz sl B Fi AD /NG ZHZUh 3L
g KT IE R E 2 2 T H3 ZLk ML, 48 moRs R il 1
(arginase 1, Arg-1) FRik, THEFHZELEA
(ionized calcium-binding adapter molecule 1, Iba-1)
ik, AN BT A M TR R AN AL, 23% AD
/NEREE 2 FEACRE Iy L AR, HEARPLHIE AR
Wi ST, ASCemziiR LR I B b e
CNSDs HBI/EH, LA Kiz 3l i 4 LR A A Lk
% CNSDs Y TEAE AL, Shyiz st 4 i {d
FREEHEHRARYE

1 BRI

1.1 FLEHE

FUR T 1780 R FIRBOR B, 2KJE THIERIR,
Hor+h CHO,. FLIRAEMFL oY AE e mifh s
UL ST ARSI ARTE . L-FLRR A D-FLR . L-FLiR
TR R Y 2 —, iR T
SAanprh, BAREAL R ME S L%
g " MZ N, D-FLRR FEORIE T E R A
RIEACHE, DR RS (2 AR
) FINETEREA (BWEE S N2
L AU BFLIR AR Y 1%~5%, H7E HE B Bk
AW RR R E T m 2 FURRAE g i
M2 BRI =, H A A B TR (1A
1) 1 FEREE g R, AN S R s
1 (glucose transporter, GLUT) M 4l fifg &} 3 i
Mo UM, 7E 2 BERERREOOVE R R AR 2
AN B R 43, JF A1 BE AR B2 A =B IR R
(adenosine triphosphate, ATP) F1 2 4~ 4K ik iz Jit 152
W — ¥ F R (nicotinamide adenine dinucleotide,
NADH) '™, A5, it 2 b o I ek 2
iz &R R, il ok T R R A W (pyruvate
dehydrogenase, PDH) #%{b>h £ E4fHE A (acetyl-

Coenzyme A, acetyl-CoA), acetyl-CoA Fifi/5#E A —
BRI G  (tricarboxylic acid cycle, TCA Cycle) ,
oK 3l %A 1k B B2 1k (oxidative phosphorylation,
OXPHOS) , #5711 M K 2l 7= A2 25 4
ATP ' FEBRSE AT T, OXPHOS 8 BRI, 4
JRFLER I E U A (lactate dehydrogenase A, LDHA)
AL DI R B2 38 S A FLIRR . 77 2R 2 > ATP 2 L
fig 11 BRI, TEEEINETT, M g el S e
L 44 S ) TR IR A P R R B A LR LA
RIRE R, X PR PEFR N “Warburg 800" 7
Pk, A RS i ZokiiA OXPHOS L) Kk
T fiff v A2 AT R LR (1) 72 o

A “FLRRZER” i, FLRR IR ML Ak
FUHE S A IS OGS, TEAIME . HERAEZ
&z, IS ESFd a2 kR . 3
HIE N K EZE “FALRGFR” Rl kR
pH 6 B 5 A R JFOUR A IR gl i 1 (EAR R
B, “ARERT HERB R iEEA
(monocarboxylate transporters, MCTs) 5 & 41 fify
fi, EZALFEMCTIFIMCT4 " BFITIESE, FLIR
AT TE M BT e -Seo bR 2z [l 58 4, AT 7E B #s LS
ZMgrE Z B sg e, JFAERE H B Na th Rl %z, L
AR F A AN B 7R 202 BRULDISh, T
b i A FLIR AT RS i 2 TR ER L, P2
A= O IR, AR TS 1L PR L PR £5
X BRRRCh “FLRRIERR” P, TEE AR,
FLRR AT “FLRR AR LR b T ik A 200 A 4
WP S I ke ke, 1 o s B L R 1) AR AR
R, FLRRACI A REEHEN . VE RIS S0 7. %
WS A AR BT LA S ACHE T S D) 6e
1.2 FEt R EHFER

FLIE AL 248 LR L A1 5 2 1 ok s PR i A ety
I, MR IER L . WIS FpR 22 R 5 Y)
AR — MR B8 (i PTM 28 240 AR 2Lk T A&
Azt R SO LRI AR 4R T OR R, R R 3
Mg e FAERE e FLBE L, HhEEE ZLIRAL T S T
2P ME LB R AR R A EE S ML 44
ABR (EI1): a FLRE S 55 A (coenzyme A,
CoA) 454, HERiFLmEEE A (lactyl-coenzyme A,
Lactyl-CoA), X /ZFLMEIL A SCHERTMA; b. 8 i it
SLEERERE 5 MG (Writers) ™ M4k, Lac-CoA ¥t
FLIR B G 7% o s R Ak AL by e R
(Readers) 7 [YHRFAE 531 AR BIIT 455 FLIE AL ) i
RIRFRAE, PARHOS S SIRe e 5 i, o
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Fig.1 Lactate production and lactylation process in cells

E1l PR ER A R R EL B I R
ATP: =BEERIRTF; P300: E1IAZESEFp300; CBP: CREB4SSE; BRD4: HESHIEE F4; TRIM33: =455 133; SIRT3: LIk

{EEIH T35 HDACI~3: HEHECHAbEE1~3,

SO R RN d e, YK MBI AN PR
WF, “HEBREE (Erasers) 7 FEBRFLBREEM, Z5F
Mt A AR T 2. H R CR1EY Writers 45 P300 7 Al
CBP **'; Erasers ffULEE BT T3 (sirtuin 3,
SIRT3) F1 4l # H % & Bt b B 1~3  (histone
deacetylase 1-3, HDACI1-3) ®'; Readers iff 57 A £F
W, [HPFRRVREHBHE T 4 (bromodomain-
containing protein 4, BRD4) F1 = 4% ¥4 3 X % 33

(tripartite motif-containing 33, TRIM33) HJfgiH %
L BEALE 5 2 JERBE FLBE L2 18 A K
AL, B Al R K LR B A BT
MRRRIRAE o R, XM A AR AR AR
URERAETS, AL S B
200 B v R R R TR A S Y BRI, R BB
AP R T BRI TR A T AR L e A e T A, 3L
Tk A I IR AT B o L TR 6 A e 8 ) st 2 1 ke B
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1, JF HaXAhEBE 2L 2 2 LIRS e H RS
PR

15 Mk, FLEEACSS R 5 el S AR
EEFLBAL. AEAENRORNZOHS, O
BOdEM (H2A, H2B, H3MIH4) k4%
H (HIATHS) *. 208 H PTMs 2 32 Wi AL HL il
WS, AT A R o A S R AR
PRI IRER A |, BB A%/ MR 4014544, AT
PAE BE DR S RN AR 55 . AR 1 FLBEfL R
Zhang % P e dR i, RBAELPS Ml THE &K v
(interferon-gamma, IFN-y) 35 /) B 6 ok IR
EmE2 i rh FLRR KT W3 T, 5 AL H L
fb, gk B RGO E A S H Arg-1 ik, 2k
5 20 g fy ML BBl S M2 Y 5 [R]E{ FH T A €
Tk - BT 5 N\ FL MR 41 M 3R MCF-7 4 i AN BRUE
W A0 A7 28 N R LI AL A, EEEAE
H2BK5. H3KI18., H3K23. H4K5. H4K8 #
HAKI12. BFFEIESE, 2 B PRI A0 T BE s /1N B
Vi TR vy 0 2 W S e P AL 1)/ S A o L R
FHAK12 K W35 Fl, SEHAKI2 f 5 4 H
FLWE Ak 38 hn, 4k i A ) B0 Sk HE 2R Ol
(forkhead box O1, FOXOL1) /i34 by AIE s Y
TG SZ AR y B 405 R F 1o (peroxisome proliferator
activated receptor y coactivator-1 alpha, PGC-la)
RS, MR Lo RSSO, #1452
RUBE PR /N BN AT RE 7' WE R AR W R (free
fatty acids, FFA) AL¥AYAFAIE - LDHA . FLIR A
H3K18 /K & 248 %, LDHA 7] 38 i3 H3K 18 i
pA S gl = I L A A S S S S = A = s =
(methyltransferase like protein 3, METTL3) ik,
24k 11 38 i METTL3 4y & /Y N6- B JE it 5 (Ne-
methyladenine, m°A) H JE4L-YTH No6- H 3 it 1
RNA 254 % 1 1 (YTH N6-methyladenosine RNA
binding protein 1, YTHDF1) AR A:HL 44 568 6 g
Mok 4 B A 2500 Rl 1 (stearoyl-CoA desaturase 1,
SCD1) ik, SEUHHME IR ERE, it
E By i B ep B = =¥ SN s S IR | BT -
P B Wi B (non-alcoholic fatty liver disease,
NAFLD) /)N BUHME A I LDHA 235 7T i 2 R AIK
METTL3 #1SCD1 4 F1/KF, %8 NAFLD /)]s /AT
W50 % . oe A, 4 B FLIE R R 5 g B
B RGO E L R AR Y AR 2 R AR
AR IO

BREE A R AEFLBEASS, ARHE A LA FL

Wk, JARZHE LIt Gao 45 ) 78 JH 4 461 14
SRNERw  SIEMIBTBVE N EA PSRRI AREN ORIV -8 W/3
HEE D B2 FIBLE R A, RUE IR
HBEAABL . HeAh, 4 i iR - LR Ay
orbT, BIFFEN BT 166 Bhi H 5 4852 H 273 4 #it
RRRFLBACOL R, IR FLIE LR 1 32 A e
MR (36%) . Zhifk (27%) M (25%)
e WESEIE S, m I B AR A 1 (high
mobility group protein BI, HMGB1) J&5—"# A
MAFLEBCAIRHE D, Bai Lo RS T 0 e
ANEUALYE HPFLER . HMGB1 Fil4 i 4 HMGB1 7K F-
N, FLR FT5E i P300/CBP AR HIL i A
HMGB1 #LEAL, et fkasie /N Ui B s =, &
EFLIR (poly-L-lactic acid, PLLA) %S AW £F 4
A FLRRK B3 B, FLRR AT iE i MCT1 28
AN ARTE A REFAEANINL, JF R R LI F5 Tl
8 (lysine acetyltransferase 8, KATS8) 3£ ik, M
e W TE AL KR T4 68 A 1 (latent
transforming growth factor beta binding protein 1,
LTBP1) 7EAiZ MR 752 (v sd A FLIEAL, LT 2
fJREE 1 (collagen type I, Col 1) FlCol I ik,
Pk R IRAE A s ARSEIRIESE, AR/ MR R I
Ot PLLA W] {35 I 4 5 &2 J= LTBP1 1 KAT8 % ik,
BN LTBP1 FLBEAL K-, JedE e JIRFEAE 4 iest,
O HHEGESE R E A LM E RN A4, 0
HIRAEJEANRH L rA T Ji 3% 6 FE /N
Jiti £ 3 BT I RS A HEA T BT 3B, % BE 806 iR
FIBT S 2 144 AR B A FL IR AR AL R
39.58% HYFLBEALEE A2 T4, 35.41% Y%L
AL £ AL T AR MOAZ 5 LI n] 7 5 e 240 i
K70 {37 p5 ) 2% g & A C-1I (apolipoprotein C-II,
APOC2) FLMtfk, MMt FFA BT . I iers |
B REHRPTAN T AN AR 457,

2 FLERACHY/ELEAL SR E RR KR

IR0, BT B 4 At T DA it Y Hh AR ER 4
W 30 AW I A R AN L A O FLR . FE
MCT ¥ FLER 512 216 BR A AP 2ot/ Ry 2L
REH IR, X —id RRgAR R R o 4 - 42
JCALRRZEAR” O, R, FLRRTEAERF TR
B E A, FLBEIE N — R A A
FiPTM 25, FEiE LN 5 . 55155 . 41
FRGE . SEAE BN R ey oy 2 A A B AL v
FEAEH S B2 HIESE, FLRRCS AL L
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J& CNSDs i FiUA A % e iy B2 AL (K12), mlfe
YE R ASK CNSDs B iA A ST A R o
2.1 MR*EERE (AD)

AD I PR H ULE) CNSDs,  H: 35 B BUAIF 2
SHEYTER BIEMFEE M (B-amyloid protein, AR)
DURUE LA LA VE R REBE R | Tau &8 7 W2 1L
SR AEgLS | i B E AE DL R 2T IR
B, A ERF NI MACAC I RERERS T BESY
UESE, FLRR AT g Ap AL, I N K RER T .
UE M BE AT 4K 2 1 (amyloid precursor protein,
APP) /FEE 1 (presenilin 1, PS1) #5IEL[R AD
/NERTEE SR 85 13 B (protein kinase B, Akt) -
W F 3 ¥ 5 M0 % ¥ (mammalian target of
rapamycin, mTOR) -84 1% T A ¥ la (hypoxia
inducible factor-la, HIF-lo) i % i #4005 , 4k
BRI R R BT B4 MR . LR L,
fie ik AP BELR A= 1< I35 3 5 s vl 2A44:, e AD /)y
BN s FEARSN, AR, B /NI T 240 il 2%
PR R AL P I IS R4 5, p-AKt, p-mTOR
I HIF-1a 235 198, #00% AKt-mTOR-HIF-1a &
B, BEEMETE AL BRI B AN ORI, SR L
WK, I AR RAE, $7s, T BB AR Y
FLIR AT BES2 10T AD 1B RIS >0 3 A SR
S5, FLBEAL T T SAE A AR BERAR R,
AD. APP/PS1 LA AD /NI 2P NIMA ARG
FE PR 7 (never in mitosis gene a-related kinase 7,
NEK7) ik [, Mk NEK7 %35 Al 856 AD /)
BRI N T BB 2% ST A B Ty B AR S B IR S
AR, A FR BV-2 400 b HAK 12 ZLE (LI %, # 1)
R NEK7 ik, 4k EEE 2 %= D (gasdermin
D, GSDMD) . & IEER i R A 2 R HE 1 7K ik ity
1 (cysteinyl aspartate specific proteinase-1,
Caspase-1). F41%-1p (Interleukin-1p, IL-1B) Fl
IL-18 ik, fEi /DB fE T, il NEK7
FIRT R AR A BB Y. A S
(cigarette smoke, CS) Z#% MY APP/PS1 %2 [H AD
NBUE S R FLIR K F- T, 155 HAK2 FLBEAL
B [5] FL0E NLRP3 48 5E/MA, - 174 p-mTOR . p62.
Iba-1 F1JiE Jot £F 4 R 1 2 1 (glial fibrillary acidic
protein, GFAP) ik, W/b G G HE H 2 5% 3-
II (microtubule-associated protein light chain 3-1I ,
LC3-11 ) 3Rk, Ml mTOR A/ A, FHUN
HE T ML R A, ke AD /)N BRUZS [8] 27 > B 5
NSRRI, CS Sy Il 2 1 AR R L)

BV-2/NI B A HAK 12 ZLEL,  #00% NLRP3 &
FE /A, SN ST AR A AR AL, I 4
M5 =, seAh, FLIEAL TR TR AR 1w
BT, 25 ADWAE . SRR Tau i #3813
Ik APP/PS1 %35 X AD /)N B H Tau K677 {7 55,
WAk, i p38 MAPK {553l BTG , A% 3214
3 35 ) F 4 (nuclear receptor co-activator 4,
NCOA4) . HMEEAKHEIN 5 (autophagy related gene
5, ATGS) . KEEMEILHIEE A 5 54 (long-chain
acyl-coenzyme A synthase 4, ACSL4) . JJEIRsEH
F o (tumor necrosis factor-o,, TNF-a) AT %
(malondialdehyde, MDA) ik, I i#EkE A EEE
1 (ferritin heavy chain 1, FTH1), p62. #% K+ E2
& E A T 2 (nuclear factor 2 related factor 2,
Nrf2) F1A B BK i % 1k ) % 4 (glutathione
peroxidase 4, GPX4) Fik, #flgEE B L. £
FET-FAAALN B, ohse AD /NN HIREDS ; B iR sL
UOUESE, 548 Tau i Rk AT 0] AP, 2 #5 11) BV-
2 /N B A ML rh Tau K677 (7 s FLBEAL , S|
B EME . BRIE T AR R, TR P A
it =

Zi brig, FLRRTIESE AR BEHAE K, PE R
fil T EAPERIA D BE . ek, FLIEAL TR Y AB B
YRR | TawEABERRIL . PRESOAE . dHREAET AN
BAET:, =5 ADRHEAE ., (HMAHRRZET
ARSI FLBE L S B UhR O R,, T
PR M LI AL S e ARl . ZekifkTige . Afbif
JRR A SE LA AT FR A 2 S E R 1 2
2.2 fRiftEREZE

A<+ (ischemic stroke, 1S), ElViiAs
S, g R A ) S i I v DR 3 A 2 R o s AR
ST HEBR A9 CNSDs ** il R 36 Bl H
ALFE M AR TE S . T AR S OT i B i SRR
O A BREE KA A = KEGRIRE *, Bf
SEUESE, FLIR AT H0 Pl 28 90 , oo 1l gt ot 453 477
BN e o I T = 8 0 7 [ WAL R E
(ischemia-reperfusion, I/R) $5i45/N R HIF-1a 33k,
0 461 A% 40 B 4k 7 7 (C-C motif chemokine
ligand 7, CCL7) /# X ¥ «xB (nuclear factor-«B,
NF-«B) {553 3005 , 4K T~ CD86 . 5 T4
— % 1k A & M (inducible nitric oxide synthase,
iNOS) . IL-6 Fll TNF-o %k, 41 Arg-1. CD206,
JUT R348 3 (chitinase 3-like 3, Yml) . ¥%
e KK F B (transforming growth factor-B, TGF-
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B) FNIL-10 %35, ML s AE AR T, fEit
UR #5105/ NI REVR S s A SRS, AR- A A b
#ZF (oxygen-glucose deprivation, OGD) & F,
fig b LY BV2 41 o HIF-1oo 2635 W35 LA, i
CCL7/NF-«B {5 5 BRI DT 400 il 28 98 0
ZEffF OGD U5 AL 07; o AT IIFFEIES:, FL
WEAL AT 55 Bl 22 RAE AN A T, Z51Sk
R K s ki ZE B (middle cerebral
artery occlusion/reperfusion, MCAO/R) /)N & i 21
21 miR-125a-5p 61k LA, 21 9 ] MEK1 #3]
[A-¥ (suppressor of MEK1, SMEKI1) ik, Ztif
-V PR K F I E H3KO {7 S AL kAL, A
LDHA. HIF-la, IL-1BfIiINOS #ik, M i m
28/ T 1123 1 IR K 1 T 2R R e R )
a (oxygen-glucose  deprivation/reoxygenation,
OGD/R) A4b 1) BV-2 /)N JKE 5 4 it ' miR-125a-5p
FiRRE LA, B SMEK ik, 4k i
OB R R A BE W M W T OB 3
dehydrogenase kinase isozyme 3, PDK3) -PDH {5
S B, PR I FLBE ML, 42 % LDHA Al
HIF-lo 635, £ 3 Bl 28 58 i I o o i 25 240 i 461
P37 ABHIE TR YT AL W PR I MCAO
PN T AN EZ2E 7 (D ) o iR v M E e
ZORPHER; BEARSEEIESE, MCAO KK F3)
Jhk i B 245 490 1 T S 2RI OGD/R K Ui i
BN AL A, R E H3KI8 FLEBE LK,
P SIETIE S F 1 (apoptosis-inducing factor
1, AIFM1) e 5%, 40 om0 1 1
(apoptosis protease activating factor-1, APAF-1) #
ik, L 9F B 4 Bk EL 9 2 (B-cell lymphoma-2,
Bel-2) ik, JF F i Bel-2 #HE X & (Bel-2-
associated X protein, Bax) #l Caspase-3 #ik, i
Tl T S A A VTS SN B A R T, W IS gk
Jie BV A, FLBRAL R E SRR oo T, IR
IS 451405, OGD 4b B i) /)N Uit Shpf 2 oo rh ZLIR AR
AR RN, R UE NCOA4 7 K450 137 15 i FLBEfL
Ak MG 5E NCOA4 R IK, FEFe™ YA MDA /K-
s, B BEH K. FTHI A GPX4 £k,
PR T AT A A 2T ERIE T, RIF £t
Wifhi; MRIRNCOA4 Ik 1T 2D MCAO /)N i
KIBiHNCOA4 FLIEAL , A i RIS T RO [ E v
S0, ZMERITTERKT, $E8 NCOA4 AT,
IS I OCEAYTHE AL

Zi BATiA, FLRR TGP 2 AAE, PE IS, M

(pyruvate

Gb, FLEBEAL TR R SRE . N AR TR 2
JTUERAET, S HISkAEKRE. SR, HETHFR K
ZE TR IS Y, e = 0 LR AU K L ek
TENS Pkl SR S 5 A E LSS, R4t
it — R
23 HEERS

SCIJE 48 # 32 RIS R N H 5 , F 8z
3 s A FEES CNSDs ' Hop HiLid
AT A WA BB e TR M2 B T AR B
PR PRI WL . RERE I Bl AL 5
gk M 2 R 22 e B AR EEAIL I 51 R )RRkt
SCI ', WFFEUESE, LR AT A2 2 B2 9 Jise Jo 44 1)
A2 BG4k, SRR it o LR NE IR T AT
TF T SCI K B 6 MCT1 A1 S100 £5 4% 4 4K H A10
(S100 calcium-binding protein A10, S100A10) #*
ik, BEARAMA C3 R ik, (e o 2 T I o 44 L o)
PR ME A2 B4k, M FLIREK G
OGD/R kb H ] & 2 1+ 1 K BUE 6 2L T Jie okt 41 i
MCTI #ik, fEdEFLIR ) BT I 4t i i N f% iz
BN LR & i, AR FRRNF-xB KA, 515
FAL T N R PO B H 3 (signal transducer and
activator of transcription 3, STAT3) Wifizfk, ¢t
EIE R BT A2 B 504k, WS A, $eon
FLER 1T fiEa i NF-«B/STAT3 18 I 42 o 2 47 12
BAWIESE, FLBH AT e R A, e R
P45 SCL/INEREHBE /Mt IS 41 it LR 7K -4
hn, AR UE HAKI2 ZLEEML, 3% s i 1
(secreted phosphoprotein 1, SPP1) {5 5 i #AH &
% [ SPP1, CD44, # & K oV (integrin aV,
ITGAV) FITGB1 ik, MHIMZERAE, Hi5E SCI
NG AL SO BEE S 28 FiAE , 28 SCI
R ERT; AHMSERIESS, SPP1 W] i 4R & OGD/
R F ARSI MERI i ATP A= AR 2016 R, 1
SR AL TU AR S L R RE AR, R4
i o SCI/INERAZ 1A A/ BT 248 A rh LR 7K
VR EF R, WO HAK12 ALEEAL, WEERERY
PEFET- 324K 1 (programmed death 1, PD-1) ¥4,
PRIE/INGE BT A B 5E . oS A Az sh DR R
AR FLIR R T 2 /NS B 4 LR KT
755 HAK 12 ZLIE AL T $2 55 PD-1 383k, {2 iF/ NI
ARG TE . FIRIE L. R A B SRR R
75 PD-1 AT VE R SCIYR YT TR FERE £ IHLAh,
FLBEAL AT R SNE , R DN RERR AT . FLIR
25 2y n] I AT TFN-y F1 LPS 175 51 BV2 41l i LR
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AT RFLEEAL, W REIRIL-1B. INOS FI TNF
—aFik, i Arg-1. CD206 FI1IL-10 23k, ik
/N S A AL P ML ] M2 BB AR, PRI A2 S
W N BT AN s SR, Bl B
FHE SCL/N RN I A HEH FLERAKF-, i 2
AU IL-1B. iNOS FI1 TNF-a ik, 34/l TUNEL FH
PEANBLEL ), 4 SCI/NRA B REMK . ),

Zr b Arid, FLRRPT{E o B I ot 40 it el A1 Y
] A2 B34k, SRttt . Ak, FLmEAL T iE
PR RAE . A . SRR RE R/ M BT
HHAOIETE, WS AR T RERE AT . A FLIRR A L
Ak AE SCIIRY T i B — e v g, Il 2L
e 2 | FLIR IR Hh 2 BUHABA R AH DG ) IR
BN RS
2.4 FBTEFARRTE

Jie SR 4 A (glioblastoma, GBM) Jg& HiAiX
P28 22 490 MR AR AR R ) TV U TR, 2RI
THE A, BAREER. Bk, W52
RS SR )7 ST N TR R DR S INE X (BN
JREB AR A IR | 15 SON RS T R
UESE, FLER AT ek /e B il M2 A, i e
M AEIGTEANITRS . FLER R 6E ] W P /M B At
HMCT1 K35, BRRERFAEKEFEGENG6
(insulin-like growth factor binding protein 6,
IGFBP6) % ik JIF i i H /- & 19 SHH (sonic
hedgehog) {5 i, I PGC-la, LML AR 5%
¥ A (mitochondrial transcription factor A,
TFAM) . 4ififita 3 C HALEF AL IV (cytochrome ¢
oxidase subunit IV, COX IV) F1 40 i {4 2% B
(cytochrome B, CYTB) #% &, 42 5 Arg-1.
CD206. TGF-BFIIL-6 ik, FFELINOS KL, f&
HE/INEE 5 20 M 2 A4 A ) 5 i OXPHOS, 75
ANIE ST L M2 WAk s Ak, FLER AT W bR
GBM 4l g 1 IGFBP6 ik , 1% SHH {55 i i# ,
{2 iF GBM 4Nl FEANTRS ; SS9 iE s, FLIR
Ab AT -3 GBM BE 5 £ fik 41 21 v IGFBP6 % 15,
P /N I Jo 240 i M2 B A, e o 2R K AT
B A RERIESE, FLBEAL AT e GBM i LT
FoFIRE5H, hik GBM it . GBM 4ififd h L K-
A, AR 2 A% DR B Mye (cellular Myce
oncogene, c-Myc) FLEEIL, 3998 GBM 4 fliEFS il
= 22, fe #f M oE Ak Ko M % R M
(dexmedetomidine, Dex) ALY GBM 4 jitl 775

GLRER A EWARGIE Y IR N R e S S i |
GBM 41l {1 F1 ATP 745, T I8 GLUT1 #l HK 4K
s, FIFLRRACT IR c-Myc LIt , i)
c-Myc Kk, i GBM 4l flit B iR . 427,
Dex AJ fig M ARYY GBM # #1254 ', GBM T
20 g h LDHA FIFLMKF B, e k4 2 P Lt
fk, L3 CD47 FI STAT3 33k, #7fil IFN-y I TFN-o
ok, ISR GRS, SR A g AE,
T VAFLIR B LDHA 23K W) 68 400 il /it 78 40 B AR <
GBM 1~ 4l fifd b # fIR 4% L HE [ 4 3 (chromobox
homolog 3, CBX3) Jf 5 /N Jox 4 il 3 35 5% 1,
GBM T4ufIrh LR 2 N, 28 ALtk
R#AI% CD47 A1 STAT3 %3k, [l 5 IFN-y F1 IFN-a
Feik, HEMIHEFE/INE BT 4 M GBM 40 i ) 77
YEF, il g 4n i g 5 sh) e sRB, CBX3
AR T i 2 2 v IR -bearing /)N BN RS 40 S P
BOH A MAE MR A KD K
histocompatibility complex class II, MHC II) ik,
L VAN e O R RN Y (Y A O 1 S N e A e <o
LCTERAR 0 N Wi A By e ) O 2 S
PR . CEBUEREA % 1 A A3 (aldehyde
dehydrogenase 1 family member A3, ALDHIA3)
1 ek ] 3 (2 GBM 141 B Hh PN B R 5 M2
(pyruvate kinase M2, PKM2) VU 2 Ak FUBE % i
R, FEFURAZE M, JHEdE X LB X
H AL 1 (X-ray repair cross-complementing gene
1, XRCC1) K247 i siFLIEAL, 2ETI3H 3% XRCCI
5% AN H o (importin o) A 2E A1 Sy, {2 8
XRCC1 fziz =A%, $25%5 DNA B UIRERIhE
90 Mo it 25 Mk 5 [ BF ., D34-919 Bl A5 &% 1
ALDHI1A3 5 PKM2 #HH.AEH], BH1E ALDH1A3 4
SR PKM2 IR AL, FEARFLAR B 22 PKM2 T 1
HEMTR D AT PO A 251 s 7EARIN, D34-919
AR I e b N UM A, R AT
AT RS 7

gi bRk, FLIR Al A gk /N 5 A i M2 AR Ak
TSR AN AR AL A, FLIE I o
IR AT RS | HEBE . SesE ki 2,
GBM # . HHl, & A [E LB 5o AR A 1Y
GBM 4 Jfd 5 L 1 A 35 S LIt A (9 AH DG RIS v AN 78
53 . AR — AR FLIRR AT M FLIE AT i Ie 240
S e v g AL AR

(major
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Fig.2 Roles of lactate metabolism and lactylation in central nervous system diseases
E2 ZABKHRIABAEPRHERGERPHIEAR
AD: B/R¥IUGHMG; Akt: HEFHHAEB; mTOR: WFLENYHINE R HIF-lo: 4SS T 1a; NEK7: NIMAROCH FHE#T; NLRP3:
NODFEAZ (A 13; miRNA: f/NRNA; SMEKI: MEKI#IHIKF; CCL7: HBAIHILET7; NF-«B: #KFkB; NCOA4: #Zikit
WG 45 1S: sz, MCTL: JURRF S M1; SPPL: AWM 1; PD-1: BIPMALT-ZIKL; STAT3: [F51S i
T35 IL-1B: FIAE-1B; TNF-a: MUEIRSER Fa; SCI: HREHINI; c-Myc: JUMIZIEEEF Myc; XRCCL: XGFERAER 38 L H Ak

F1; IGFBP6: [REFREEAKRE FHEEMA6; GBM: TR

3 EFEEI BRI/ B S E P RME
RSB EERLE

“FLRFR” BT “FLROEAUIEY” 1Y
RV, $R I FLIR A DOR AR RS =4
B REAE A H B R RE RIS 50 1, TEAIRIZHE
2R ) 1547 RE 1A s AT T 7 (HAEIEH
ABRIRZS S, FLIRAERMRMIL IRAE I 2 18] A e LA
JER/IN, b 5 B A A FR ], FLRRAE A A
JRGERE AR ™ B dh S — R AR5 T T
B, R (8 R M DA 2 D) 45 2 LR A O RE IR
Yy, RINHETE LRGSR e st FLBE AL R A, 32

Feph D Be TR R A Ia Ty 7 B ghiiE Rl
P K FLEE L P CNSDs IPEFH 2 (E13),
BB T i — 20 A
3.1 HPHIHRERIE

PIZE R AE & CNSDs B Z B N, BEnT7E
SPEB BB R IR AP AR, T e Bl
A EEAE LT Bl M E i, RAFEAA YRR
g, FEA LU AR T, FLRR AT E A R AN
) 20 B R 7 A S, R B R R R i 2 WU
PR, WRSRUESE, 8 JH P ARIR A Ais i R
A (AICL) /D-2FLHE (D-gal) #5519 AD
/NI A 20 S L BE T KT B 4 2R 1 H3 2Lk LK
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F, B Arg-1 3635, T Iba-135k, Rt/ M
A FR A /R R [ L RME B R A,
G2 itk AD /)N BRI S AT HTA e 2 Xm0 1R A T PR
RMEITRR, B NCIChe T FLIRIE IR
T4 AT I 2 R AD /N BRI B 4 A P 40 & 1 HB
FLBE K, WE R Arg-1 ik, HOIMEE /N
JiE o 4 U S IR s 28 R0, 2l AD/INERIAN
UiheRtis; BRSIEHE—PUEsE, AR, 3 LPS
W BV2 il oI A LRSS, P300 4 By H
H3 FLBEIL AT g P e, dhim B IL-1B ik, 3
Jin Arg-1 #1124 K 7 (vascular endothelial
growth factor, VEGF) 3Rik, i dF /N 5T 4 il )
LR KRB , MHIPNZEJAE o 7E IFN-y FILPS
AR BV2 4L rh A MFLIR 5, BV2 4l i FL Ik Ak
HanE G EEAE IL-18. INOS M TNF-a 321k, [
Arg-1, CD206 f11L-10 mRNA ik, {23/ N it
Y1) M2 BURR AR, 2 ] SCL/IN B 28 R
W/ NS ST A B AR RE B 5 A N SR Bk — 2R ST
Az sl W ER IS FE e 2 LR KT
JHIABEIL-1B. iNOS FlI TNF-a ik, &34
TUNEL BH P20 Le i), 22 ik SCL/IN B 22461403
PRz B AT e e i MR B A B LI AL 5 = /DI
JRAN M2 1Ak, IR RAE ' ZE LR, 1B
oy AT 3 2 R L R A A 2L Ik T S 5 i PN AR RE IR
A, AHFLBR A ATAEAS R HAEE T e e AR sl R
YER G #E— D4R R . 1o, iz shim il ZLIR A A
FLIBE AR /DN S5 240 B AR A 114 52 i e 75 5 A A 4
(IR, FEEEARITR . NEER ) A7+ DR alids bt
YER,  Hi A
32 ESERRAMATEEME

Gl AT SAPEAE R R4 R IS N AEE L 2E 2l
TR EENLT, JEFE SR MAEA ]G ST 458
Uige kA ST EE ) T, FLERAE I & oT E
ZRE IG5 T, st LR A A 7Lt
PRI I Ml v ¥, R E s Tz fE A5 7
WFFRIESE, 14 dif A7 Sz g n] 1 35 LR 1k o 4l
L3 (chronic restraint stress, CRS) /INE i A
HAR I i 2 TP FLUBR F LDHA/B K-, 4k e i 28 fi
VR AH K HE 11 91 (synaptosome associated protein
91, SNAP91) FLWtfL, $i SNAP25. 453 1
(calmodulin, CALM) Fll %€ fih J5 % J& 25 1 95
(postsynaptic density protein 95, PSD95) £ik, Kk
SN K 2 S b 25 A0 T g st 220G 3, 1
FHem CRS/MNRILERE T, WREEIT N St

(IR, LR Dk e S Pl i 28 2 i CRS /N U 1 AT
Sy, AP FLER A ik SNAPOT FLEE AL T 2 T I
SNAP25, CALM FIPSD95 ik, PRI fil i 436
EE, HEURIS S BUR IX B R L s 5w, W
Fss iz s R ER], $RFLRR A FLIE I
TEiZ ST R R rh AP SCHEE ] ™, 6 il s i
(i) I 225 Ttk 2 34 o Y A BN BRUTE 5 b OXPHOS
AH ¢ 85 1 NDUFSS F1 35 31 /5 it &0 /i B (succinate
dehyrogenase B, SDHB) #Kik Dl M ATP /K-, I+
1) LR R A= ) AR AR O 8 I PGC-1o0 Fll TFAM 55
ik, JhERRa A A E A M S E g E A ]
(optic atrophyl, OPA1) Flfli& & 12 (mitofusin
2, MFEN2) ik, £ 7558 il ] 28 AH OC 8 A i i
PEph 228 F2 1 (brain-derived neurotrophic factor,
BDNF) HIPSD95 %Kik, Jf-HemAmMIFME 54 1 i
fitf 1/2 (extracellular signal-regulated kinase 2,
ERK1/2) @MLK, Tk G 8 B2 1K 81
(G protein-coupled receptor 81, GPR81) i 3 i il
/NI S SRR E ) B il . bRl A S 5 fl ] 98
PE; RAMIZEIESS, L-FLAREE GPR81 I 8h 7 Al fi2
bii ey e b ] U RS R N R e AN S o A N
% . ATP /K- OXPHOS FIZE fil i] 834k, 427% &
540 J3E W] B0 2l ) i i FLAR/GPR81 i A4 i 45 2ok i
Uihe, JRHGaRse il eT S 2. 30 d A S B AT i
LR AR AN UM RN S FLROKT-, PR
BDNF ik, 305 il n] SAMEAH AR & P05 PR s
g0 M B 48 % H (activity-regulated cytoskeleton-
associated protein, Arc) HIBF $5 ¥ 5% K 7 268
(zinc finger transcription factor 268, ZIF268) ik,
HoRSE fb AT BAPE BN B AR ST RIS AZRE T, T
MCT1/2 il 57 25 103 5% FLER -5 19 15 &5 BDNF K3k
Fhoe, a L R e I i o B Y EE P Y £ b
Pk, FELAT s 2l R o B (R s 58 mT 3 i o
LR AR S LB, SR T . SR, H
AR £ 2GR o SNAPIL . GPR81 {553k
2 % BDNF {45 5 fil 4544 S ph 2 vl ¥3VE, iz sl
FLIR AR S LI Ak 753 W] 3 o HA A5 5 B el
T (WINF-xB, mTOR, HIF-lo 5 VEGF %)
MGl ] S, ATy AR
3.3 fRftMERE

P2 A R FE N %8 5% X (subgranular zone,
SVZ) F1 o 51k 9] 5% X (subventricular zone,
SGZ) B2 e sl o 28 T AR 240 B e e 1 B R
b, B2 A A DI REPE R ot R . 3L
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FRAE Riz sl T e R A i E A T, nl i H
R AR FH R S T2 A B kR 22 T g
WFFEUESE, 7 ) e e o ) B R 8 . T S A
FLIR AT B LA AR AN Ui FLRR KT, B2 K
SVZ X i 2 BER J AR AL i (doublecortin,
DCX) FI4H i FE AR B Ki-67 Feik, M fin b 22
T4 R bR 2 RE AN M G BENE T, SRR AT
RIS R, Rk, MRIERIRSZ K 1
(hydroxycarboxylic acid receptor 1, HCAR1) i[5
/NERR i SVZ X DCX F Ki-67 22 351K T % R 25 /)N
W, iz shel LR IE T 1) SVZ X p 48 & A i
WM T HCARL T 5 [WIIF, iz shel s PR
TSR AT G T B A AN B HCART RBR /N BROK
Wi SGZ XM 2 i, KW SGZ XA 48 S LE AR
T HCARL %, HizshsiAMEYEZL R L i 28 &
A VR AT IR s i sc s e, FLRsk
HCART 8 8f 771 00 54 Ay ok o9 JI85 T i) J ol 2T 24 240 i o
Akt/PKB IR AT 38, ek SVZ X2k
Az, AR R w5 R R) AR I 2R A 0 2L R 1T RE &
HCARI M HAEF, #4305 AkYPKB {5 5@ i, Ml
ek SVZ XM ik 1™ 7 JE A iz shak 14 d 7L
i M I B T S R B A AL/ N R LR A,
R L2 PGC-1 A 3L 7 (PGC-1-
related coactivator, PRC) Fll VEGF-A £k, H4hn
2 %7 1K DNA (mitochondrial DNA, mtDNA) % Il
5, I TNF-a 3235, 4k 8 Z Mg R 6E, 12
HE/IN BRI i 48 A5 R 28 AR O 2 TR,
iz gy nl il R LR AR R, AR gk
Ao BRI, RFEIZERYZ 3 Qi 73z 3h . Bepa il
Y. Mz shiEBCSTH0) XFARI R X A 28 %k
(RRZ I ] BEAE AR 22 57, ARTe iF— L A [RliE 8h
P R BRI D 2 % A i AR VR R L]
3.4 (R A R

A8 A W B 138 2R 38 1o 40 e -3 T P
R, PRAl P R A g . SRS A stk LAY
A 1 BE 0 S HL DDA S O I A R £ 7 FLIRAE
SRy R LA A RS S R A TR, T s e A
DA 5 2 AR 1T A I T B R o 28 i A5 BT T
91, AERERIGSRIAEITIRE . DRICIESE, 7 R
JEE [T I e IR LR T B Pl 8 A /N B,
FLIRUE , $E S VEGE-A £ik, Wi/ BUE
o s s R R SGZ IX B LA S, fe ik
KGR TH A A2 B, T ZE HCART R /)N BUE 2 v
R ULE AN RN, #8278 HCARL 2 FLIR 2 iff

R 148 A W OB BT s FLIR Bk HCAR S #51:
PN T k2 B A AN B S5 U B b ERK/2
ARt BERR AL K-, 1 HCAR] @i Bk /s 5O 58
KAELF| ALY, 2B HCAR1 7] Gl i ERK1/2
F A5 7 38 AR TR Th 0 A5 AR A 0 7 R R
[ I R AR LR T S Yy T o e e 20 /N B
MFLEKF-, EJE# S VEGF ., SIRT1 Fl AKt ik,
Jf-# % BDNF, PGC-lo A1 SDHA £ ik, Mifife it
WGSBS M AE A RS RARTRE, (AR
KMz g% W /N BRI D g B A 2 e A
L M ANEE LR ORI &, $ER 7Lk
N HI) e 0y VR I 75 22 HoAthaz 30 AH G HL I D[R] 2
5ol QR Az gl B ER AR/ R FL R K
-, BEARKNN TNF-a 3835, LRk AR & il S
kA% N PGC-1a 3Rk, 5 KMk 48 i 5 mTOR 5=
INFBER L AT, G H mtDNA 7K, 4 = it
H VEGF-A 3R, WS4 /NI b A4
S/ Ra o W R N (1= o AR 185 i o WA N R ZY
BV i Bk, iz o]l JE s 2LER AR it
g A A R, R AR RN . SR, B i
FLERACIA T 19 1008 A B ELAT 7 (4 B TR 4
It HAEA[FAF 2 B SR IR AT A5 0 AR 3R
WA, SRR RAIRIY
3.5 MEBDELNEINE

LR R AFTE T AL A PN AR L2 B 240
i, EE ROV R T, EANRE S
OXPHOS A A ATP ) =227 i . ] 4ot
PRULAERFIE AL A7 | GG i S o8z B I 05 (1Y) BE
i, IS 5N Ca S iEes . Mt E oL S
G fh ] YR A OC B AR BT AR 0 LR AE A R ki
DIRemAhse shA Rk, v LIS AR Dy X el ity
X LRRIRIIRE, R ITRIRERCII
E2% 1 TR 01 o e 1ok MO i =95 o1 Bl 7 R 2
P10 2 BOWH R K SR A Hy 2Lk,
7, MCT2, SIRT1, FOXO3, LC3. PTENiESHY
B2 #4251 1 (PTEN induced putative kinase 1,
PINK1) Hl Parkin ¥ 3% , # #§ SIRT1-FOXO3-
PINK 1/Parkin {55 5 i, 1t 5 (i 0k 2 BOH R 95 K Bl
W 5 X EORLAR 1 g, SIS AR Tau FI MDA 7K
e, U 2 TR PR K BRI B AR AU 0 B
o o s I ] g2 bR R A RN R R VAR
HRKF, #H5EESX MCTI, MCT2, PGC-la,
BDNF ik & mtDNA 45 DUEL, 4 il ifg B X Zhr 1A
kA, BERE/NOANIEE ) WE R RLR
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CIRTE S = VAN e R e B O N 373 S |
MCT1, MCT2, PGC-la, BDNF #ik & mtDNA
DU, HAE T 5 2L R 1 45 1 3L R F% iz 1 ) R
UKS5099 B, bl gl $27R 2L n] figis it
VA H MCT K35, & 3k 4R 2E W) & A Fn
BDNF ik 0, 6 Jif] iy o B 0] sk )11 245 AT 5k 2 - v B
A AR/ BRI AN S LR K, RS MCTL
MCT4 FIBDNF ik, $mZAbiiRk OXPHOS #HC 3
R0 2, 2% ¢ ARV 5L 5B (cytochrome ¢ oxidase
subunit 5B, COX5b) Kik K ATP /K-, 3538
OPA1., MFN1, MFN2., PGC-lo HMINRF2 %k, il
s I HE AL E 1 (dynamin-related protein 1,
DRP1) FILFifR/r24%E 1 (mitochondrial fission
1, FIS1) ik, BEMRIHEDSLARARGEMAEY)
KA, MR AR S, FJH mtDNA 5 DLEL, 2k
UG EARATIRE ;. AAESERIESE, FLARAL P AT b
Z F R EACE D 40 i T COXSb 35 K ATP /K,
P25 BDNF ik, B EFWIIMFNL, MFN2, PGC-
la. TFAM HINRF2 %35, #2 /5 mtDNA # 01 %%,
fI DRP1 I FIS1 Kk, fEFZbiikal & fAY) &
A, IR R gy 2, T R T T ok R T
AE 7. ZE BT, sl 2R s
Ariikaine, BEIGATIDIRERERG XS . SR1M, 230
Frre e FLRR R AR b s ROl ek = R
SettsE. BN, SEFLRRVRES LM EE . AN
P SRR BE 2, HV T A B TR W v R
BB FEEUE . HATH IR 2 RET IR L 65
YEH, WA AT REAFZERY “U B B B 4]
BN o
3.6 {RHMERIPHEEXEFRES

PRI ARG iz 48— RAE TR RGN
P 2T MY RE W R A W B, T e
P2 RGBSR FART TR B A T R AR
TAVER . FLIRAE J i 205 518 T 1 LA
AL AR R 2R G R, BRI R A 2
RGN DR . BFSEIESE, 90 min
I3 3 ) 2 T B A R R L il R 2R
gy ZLER K-, JF 0 2 4 v I A 2 i
BDNF ik, 3 (2 dE 0 12 12 20 FH E 11 1 X2
fig, Jfma 2o kLR S S R F LR K AR
b5 N FLRR AR —8, $RR M FLER T nl fig
T B N FLIR AT T 10 S R [ S o
YIZRAT 5 3 AR e 5 P A2 R LR K, 1
JA 1% BDNF, k5 A AEK 1 (insulin-like

growth factor 1, IGF-1) il VEGF ik, i % [%MK
WU L M R B[], R AR 32
HNHTIRE, IR BN /K V-5 BDNF, IGF-
1 1 VEGF #i5 2 1EAMH5¢, BDNF /K5 INFTfE
SEIEAHIE Y, 30 min G 12 8] B3 F I MS B
M FLER K OE, IF B v M & A KT
(nerve growth factor, NGF) ik, JlZ% MS &
PR 1 14 d AR TR R B G U ZRAT R
MCAO/R K UMK HFFLER K-, T a1 3 K S5 i
(corticosterone, CORT) 7K, Jf i Lh 5 fil =
1 (synapsin 1) F1PSD95 ik, i EFELMCAO/R
KM NBETE /I IL R AR s+, B k>
FREBEIARR, o 35 0 K R B SE I RV R 0], 4
INEERSE 5B, $E27F MCAO/R KR 45 1) 2% 2 i
ICAZRE Sy Mk BRTR, ANEIZSHL SR EE 8
YIZ5RAT 2k ZLRR AR 4 28 LR 4 A DG PR R il
WEA A RED R E SNV ResE T, 4
i, METAHFSE 24 i TR R AR A 5 p 2 R4 A
R F-FARBIA MRS, ST HERILH . T iF
{55 M FLRR B WL = AR, JCIHAE
A ] i X 0 240 28 8 e g VAL AT AS B 1

4 REHRE

FLIRAE Ay H X fih 28 22 G5 1) H B2 R o JEC 40 R O
F51, s FLRRIC L LBk 7E AD. 1S,
SCI F1 GBM 45 CNSDs H & i OAE . Rk, #0
ORCEEE N AN T N R R RS N UG
CNSDs B8 24580 . iz s fE N —FEZ AR5
THiFB, 78 CNSDs B i 5 HE A 3t i i i
My, s R LR A S FLEE L, Bl 4
RAE IR T | fEdER e A L AR HERN I
(EZAEN A& RS AL N Y& TSR EAN PRy [P
PR, 2% CNSDs,

FLIR TR A1 2R 80 5 R 2 (B 7 11 BRIt
B B X T iz ol 8 s 30 A ) & 2L mE 1L 1
CNSDs 1114 1] BEAE FH LTS A7 A5 1 2 oK fiff 1) 8
frt— . a. HAT, 83 57BRAACH T 32
AT 12 ol B B M E st o7 1Y, iR
)iz Zh 2 s s g %o FURR i A LAk ) R
LA R . b, “iZSh LR - RN AL
KRNPZETC . B IS 0 M B /N e S 4 L 1) 1)
PR B R, AN R FLR Mk R K AR B TE] X
CNSDs 52 ALHA A IR ER . ¢ B XTFLIR R
WS FLE AL PR LR S A A . AR e
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Fig.3 Potential mechanisms by which exercise regulates lactate metabolism and lactylation to improve central nervous

system diseases
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VEGF-A: MW AEKETA; SIRTL: JEREEIEYET1; PGC-la: it A LB A4 5 Y0 52 Ay B0% N T1a; SDHA: BEFABRME
AMEA; mTOR: WFLZMHEIT E; MCTs: MARIR 2 M ; FOX03: MLHEE03; LC3: MM E N 44E3; PINKI: PTENES
PBE IR 1, AB: BIEMFERR I ; MDA: N_l#; COXSb: 4iffifn K LEFIIESB; ATP: =BRIRTT; OPAl: MAIPLZEAHEN
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Abstract Central nervous system diseases (CNSDs) refer to a range of disorders resulting from structural or
functional impairments of the brain and spinal cord, including stroke, Alzheimer's disease (AD), Parkinson's
disease, spinal cord injury (SCI), and brain tumors. As a leading cause of disability and the second leading cause

of death worldwide, CNSDs involve complex pathological mechanisms that profoundly affect patients' physical
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and mental health as well as their quality of life. Therefore, identifying potential therapeutic targets and
developing targeted intervention strategies for the prevention and treatment of CNSDs is of great significance.
Recent studies have revealed that lactate can transmit energy between cells via the "lactate shuttle" mechanism
and act as an endogenous signaling molecule, exerting diverse biological functions in CNSDs. Lactylation, a
novel type of post-translational modification that uses lactate and lysine residues as substrates, plays a critical role
in regulating gene transcription, immune responses, and cellular metabolism under both physiological and
pathological conditions. Studies have confirmed that lactate participates in the onset and progression of CNSDs
through both lactate metabolism and lactylation. In AD, lactate promotes AP plaque formation and impairs
synaptic plasticity and cognitive function. Lactylation contributes to AD pathogenesis by regulating Af
accumulation, Tau protein phosphorylation, neuroinflammation, pyroptosis, and ferroptosis. In ischemic stroke
(IS), lactate suppresses neuroinflammation and alleviates ischemic injury. Lactylation is involved in the regulation
of neuroinflammation, endothelial cell apoptosis, and neuronal ferroptosis, contributing to IS progression. In SCI,
lactate promotes the phenotypic transition of astrocytes from the Al to the A2 type, thereby mitigating neural
injury. Lactylation alleviates neurological dysfunction by modulating neuroinflammation, axonal regeneration,
mitochondrial function, and microglial proliferation. In glioblastoma (GBM), lactate promotes M2 polarization of
microglia, facilitating tumor cell growth and dissemination. Lactylation further accelerates GBM progression by
enhancing tumor cell migration, proliferation, immune evasion, and drug resistance. These findings suggest that
lactate may serve as a potential therapeutic target for the prevention and treatment of CNSDs. However, its
precise role in CNSDs remains unclear, and the specific mechanisms by which lactate metabolism and lactylation
influence disease progression warrant further investigation. Moreover, studies have confirmed that exercise, as a
key non-pharmacological intervention, holds great promise in the prevention, treatment, and rehabilitation of
CNSDs. Specifically, exercise can regulate lactate metabolism and lactylation, which in turn suppresses
neuroinflammation, enhances synaptic plasticity, promotes neurogenesis and angiogenesis, improves
mitochondrial function in the hippocampus, and facilitates the release of neuroprotective factors, ultimately
contributing to the improvement of CNSDs. This review summarizes the roles of lactate metabolism and
lactylation in CNSDs, as well as the potential mechanisms by which exercise regulates lactate metabolism and

lactylation to improve CNSDs, providing a theoretical basis for the benefits of exercise on brain health.
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