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Abstract

Lactate has long been regarded as a metabolic end product of glycolysis. However, recent studies have revealed its multiple
functions in energy supply, signal transduction, and epigenetic regulation. This article systematically reviews the production,
transport, and metabolic mechanisms of lactate, with an emphasis on its biological roles in immune regulation, inflammation
control, intestinal homeostasis maintenance, and tumor microenvironment remodeling. In addition, it provides an in-depth
discussion of the "writers-erasers-readers" regulatory network of lactylation. Lactylation is a lactate-driven post-translational
modification that occurs on both histone and non-histone proteins. Histone lactylation primarily regulates gene transcription by
altering chromatin conformation and plays key roles in macrophage polarization, inflammation resolution, and tumor
progression. Non-histone lactylation extensively modifies various proteins, including metabolic enzymes and transcription
factors, and participates in signal transduction, immune escape, and DNA repair. The two types of lactylation exhibit significant
differences in modification sites, reaction mechanisms, and functional effects, together forming an important bridge between
metabolism and epigenetic regulation. Current studies suggest that targeting lactate metabolism or lactylation-related regulatory
pathways holds therapeutic potential in tumors, inflammatory diseases, and metabolic disorders. Future efforts are needed to
further elucidate the dynamic regulatory networks of lactylation under pathological conditions and to facilitate its clinical
translation.
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FUBR K LR AL B B A AR 2871, IR SEMT U RBLEAE RERBENL . (5 53 3 LR BRI IZ T R4 2 B IhRE.
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BfERER R Z EYRE. FE220199Zhang %5 1 XK I
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P TR B A A Ut B R T R SR A 4% 2 R] (1 B R e it
TAaWMA. BEE, BRFE AR E T p30055 A ML
“writers (A5 #%) 7. HDAC1-3% “erasers (¥R 2%) "L K
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BIEHER, Z5MRABERAE. Skl & R AR
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2.1. FABRKIER

FURR 2 B B L A R A P R AR A
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IEAh, FUFT BRSO 3 45 7= FLER A [11, 12], Ref%id
LKA B R e AR FURR[13] o 1T LR ) P 8 0 A0 L
R A i BE AR RR 35 1R« TN AN T R[14, 15]. filt,
IR 48 T % % J& ( Anaerobutyricum) 8 % ¥ FL B2 ¥ 1L A
R BT /R [16], PN 3= 22 i 5 2% Bk 14 J& ( Veillonella)
i BRI ER ISR A A AR [17, 18] (HD .

2.2. ARHEHEERHE

IR G ZTE LRI . AR T 2 M
et 6] FEHPRRLEEN (MCTs) [19]F1441E
B RIR LI E 1 (SMCTs) [2, 20145, Hrh, MCT4
T B AR A0 AN i) R ERIA[6], f Tt
W AR AN B AN ASE[7]. TIMCT1[21]F1SMCTs ({1 1§
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o SRR . HEN S, FLER S EIE I DN
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MBS [24] . BEAN, EIEREHE I 22 FREAE R 0 4 i
BV, IR DT AE 25, 26]. [FIRT, FLEZATE I i
TRITE RS, JEFF I IE A SRR, WG omx R R
VIR RE 1 [27] -
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HRAE N RBENE ST, | 2 59 0E 5145
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4. FLBHL

4.1. X

AL (Lactylation) 2¥5FLER S B (i & R ik 5
e BN S S, TR R R s T AR [22,
28], JRFRNTE R FLEE 1L (Lysine Lactylation, Kla). ‘& #2
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translational modification, PTM) , C.iZ#i i 4R 5 =M
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IS R Z BB E R (writers) | “HEfR#E”
(erasers) AI“EzHLAS” (readers) —=3J5ii$z K FHIth[H1E
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T RIS (ERRES IR o R E ARG E
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Reader BLHUZS.

(1) writers (135 4%) , &FeMALFLBEAS T N 1
fysk B A (2], FEABALMNAEA LBFERE (n
p300. CBP. KAT8. HBO1. Tip60FIKAT2) [22], LK
A -tRNAS B (AARSLIHFIAARS2) [5]. p300%:4H K
H LT RS B L AL RR RS F RS Mg s 1%, e AT AT R P LIk

65

HEGA (lactyl-CoA) 1ENIEYD, 7L BEEL 12 2 i s IR V%
HE e BT LB B (BEIEA) [2, 5] thidid
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1k (SIRT1. SIRT2. SIRT3) [1,2,5]. HDAC1-32 A4k
A %) “eraser”, FrFHDAC3VEMEf 3 [41]; ARG 1L
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MBI K [42].
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TRIM33[2]% . A R FLBE AL 21, 3% T E S
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Wi, D RE R E A (MAPK) B, M
2 BE AR 2 FEE [3] -

4.3.5. PTTRERL

WEFUERE, WEREMR ™ A2 0 FLIR v] = 4 B T H3 5 18
R BR LA (H3K18la) /K°F, MImiEEHL4 s 2 M
KEERMRIE[2] . BLAL, 16 90 5 1, FLIE A o] (2 5
Y HMLA M2 4k, 25 98 RETH IR AL 2V Bl 72
(7] T 7E BREERE 25 4% B 1k JE S N R, FLER A 5 (1 FLIE Ak
KT o VAT B e 1 K g [2] -

4.3.6. FEMEHEITEA

LI T S S 2 200 L 0 A P i, PR ek
PREE, I R e AU B A S S IR AL, (et
R R[] i, LR 7T 22 AARS LA AL it Je 410 1l [A]
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B LI A0 R I AL R D - B AN AR L A 1255 A5
FE— € 26 AF T R AEGUIRE F (8] -

il

4.4. HEHIBML

4.4.1. EX

FLIBE AL A0 45 4H 8 A AL A AN R 2H B e LB . FLIR TT
AN B R B E IR R, X — AR v B B AL
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4.4.2. PEE

H 2 A LA T R 3% B writer . eraser Flreader )
W (K3 o kA, AR P FLER K Tt 2 DA R AR s
77 G ZE A« W T A 0 o) 50 P i PR LR 5 s o)
Y ER  FLIBE AL, T D 70 R 25 7 B A FH 4 A 0 ) ) D s ik
e AL AR AL [42] -

e 70, AT AR 1 Ji R 1) 5 A e [46] . 28T, AFFe sk
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' \M CE.F 1 1 MCT4
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| A e | Miochonerisl
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i ML B LA KT o AR S 11 710 I PR AR LI KT
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4.4.3. AFEAABKIDIEE

HEAABIS S5 IREEFRIL. DNABE[29]. 5
S S R A K 2 AN A R

(1) AEERERIE

YH R 2 A A% Y 7 5T DNAESL 2 5 e (0 J57 2 R ) 5
AEAR[21]. AEAAB RS AR E A, ¥
Wi Y £ J57 ¥4 % K DNART e 1, ki i 4 JE IR 3R A 1, 47,
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48]0 44 EE FIHIELHA (151 2 I8 ke 4 R A8 A HE R I
UGN o, 2B R T LR A LB AE S RS
FTAERAEFI[2]-

FEC AR A FLEEL AL S, H3KA8IaffIfE F i
B Bltn, 76 BN AL R M2 AR AL FE A, H3K18lam]
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(L, AT o g4 i (1 B 6 5 S UB R IhRELL, 49,
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) W RERERNY

R (A FLIE AL R 4% s AR T e, 3k A A B 1 R
FE N [7]. AFFR M, LR A 5 4 & (A AL AL 2 DI 25 5
RS S 4ER R R B 0 ER 5]

(3) A% E LR A e 4

H R 1 FLEE AL A W 0 A A ML ) M2 R 2 46 1Y) O
He T K[29]

AMBTFESERMARAEABA, S
WA A OGS K R OE, HE Bl B WA R . bR
PIMLEL B AR e %« AR e M2 8L R Y [1]. BT
FORIL, MLZY WG 20 M P A7 78 < FLER I B R LI [ 1,
210 4 Py 1 LR I I = SRR IR R 1k O Sk 4 il
A, JEEBENA IR S B < FLER B BR[21], BUEARGL
SEM2 B HRF AR 5L R B R GA [, 21], 1R AE B4 i 3k 45
M2 @t [6]. BbAh, MLE WG4 AL AR R B T i
S A EARR BEEM2 R AR LB A, BOS DU R AR, F0)
VR E E, Wb HEIM2B R (6],

Tumor Cells

B 4 FLBLAL et R A R I CER 51 B SCiR[22]) .

IR Bl iR TAM (B AR BRI Fas S8
JifRe S e 3 s BB bR 4T i P SO 3L K YTHDF?2 (3%
ks fEREITR B AR AT s FE AT AR I H0 ] R A
(TME) FL AR Mmiushae, SEUMIR GREME S sk
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% i S

(4) 7EPIR 1

R A LA S 5 o A g R S g ik it i R
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FE R IYTHDR2) (%% 53¢, et T Ui Ak g 40 ok 81 7 P e i
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| A W E AL s H3K18lam] i iE MY C 45 i & [K] [52] 5%
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O ) 5 L 0 e B O] ) A, B T i 3t i R 4T P B
[53]. tbAh, FLERIE vl iEIL i S A E A 4B, EIEBRD4-
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HAZ R OAE A b, % w28 Memin s, Hfbl
H3K18lafIHAK121alff F s RN Ja & W7z 046 T 1§
ke 72, ©RI9000%E MEHAL A, IAARSL-
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