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Abstract: Metabolic dysfunction-associated fatty liver disease (MAFLD) is a chronic liver disease with a persistently high
prevalence rate worldwide. Its pathogenesis involves metabolic disorders in multiple systems, and there is still a lack of a complete
theoretical regulatory framework. Lactate was once regarded as a terminal metabolic waste product of the glycolytic pathway;
however, studies in recent years have been exploring its biological functions as a key signaling molecule , and the close association
between dysregulated lactate metabolism and the development and progression of MAFLD has gradually become a research hotspot
in the field of metabolic liver diseases. This article systematically introduces the core pathways and regulatory patterns of lactate
metabolism, elaborates on the overall functional characteristics of lactate in the development and progression of MAFLD, and
reviews the molecular mechanisms by which lactate mediates hepatic lipid metabolism disorders and drives inflammatory cascades
through epigenetic regulatory mechanisms such as protein lactylation. In addition, it briefly describes the potential effect of lactate
in modulating liver metabolic homeostasis via the gut-liver axis and summarizes the latest research advances in lactate metabolism
and MAFLD. This article highlights that targeting lactate metabolic pathways is a critical entry point for deepening the understanding
of the pathophysiological mechanisms of MAFLD, and it points out that non-canonical regulatory modes represented by lactylation are
key breakthrough directions for future research. It also proposes that developing early diagnostic biomarkers and intervention targets for

MAFLD based on the lactate metabolic network holds important theoretical value and clinical translation potential.
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£ 5 A ¢ B W7 M 9% (metabolic dysfunction-
associated fatty liver disease , MAFLD ) J&—F Ll fIF- 41 jg 4
g i BE UM 2 BEARAE A B 12, PEREAT B |
ML S5 e MURESE T AR o Bl 2 3ol 3 45 T JHE A
SEFLETH R, MAFLD (952 RAREC L2 1512, B4F 1T &
F24200 7 BIFET LB BN ARG 5 T4 SR
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A R AR A T o AT BE I — 2D i s 12 Je , 4
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Yy, i v] o LR AL B B 2 S AR R R
an, ZERAR N R R 2544 1 (mitochondrial pyruvate carrier 1,
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o LR A i T 42 O T 5 S 1P, e 25 Wi IR i I
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DAFLER R TR e O L e L b LS B (-3
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ERVR BRI 19% ~ 5%,
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ARSI LR A PR G BR o Horp, LIRS A% O AR
FFLRRZE LDH AL Ak A PR , TN I 92 228 P43 ) 1R At
S 52 AW (pyruvate dehydrogenase complex, PDC)f# {4
AN TR A B N =R PR AE A 58 IR LAk
FEd b, LDH 5 PDCAA7E BRI - LDH 5508 3L
PR AN ] 305 2 Ak R N B TRZ L iy PDC e Ak B 1 4 (1R e 4 5
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13 SUBR#E R 24k HIRIRE; 12 8 11 (monocarboxylate
transporters , MCT) J& % Jitiz 4088 H K G — 25t 51 FLIR
Feiz s H . HATC %2 I MCT1 ~ 4 3L 4R Y
TEZ TP S 3k, T A 5T 7 IBC 14 BR PR TR R[] 5 f
iz, FEIER AEBDIRET ,MCT1 ~ 4 i B3 [R) 35 AR 1E 2L
T2 T AT P ik 0 L 5 A A L =2 T 28R, 445 AN [) 2 4L
fefass. Hrh ,MCT1XFFLRR AR BA & R A, &
BN BT FLIR (1 7% 18 FER I ; MCT4 % ZLAR ELA AR 1 2%
D RS v 1) BB 7, 32 4 S LR 9 AR HE
MCT2 F= 25043 T 2 4R L FF /N 25 s MCT3 X FR
TR R 2R R AR Dk 25 DA b R 200 R A,
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Y B R A7 AE G 8 B BX 3Z 4K (G protein-coupled
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AW o LR U FLIR A AE U 9 & 30y I R ZL R 46 7
S RE PR P BV PR TR A TR Y i, e
VAR BE R 2 A R A R R S MCT1 A FLIR B i
SAE P R A FLER AL , A A4 2 (interleukin, IL) 1B 3
%) 8 A ) AR B i SR S A 20 AR HB R
(histone H3 lysine, H3K) 18 RAEFLR G ,
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HWEERN o L-FLIR R AR FE RN REALRIE X, 2
EPRERERR . Cori I ERZ ORI A B REAE N A 2001
ESERE IR HRIC I W SRAT, P2k Wk 2L
SR AEAL , IR A T L-ZLA2>10 mmol/L 2341 ]
GoRE AN BE A HE R E . D-FLIR S22 i Wil R R
FEAE ARHREE (0.01 ~ 0.1 mmol/L) A] 247 i 1 J57 b g Bk |
P BB R A WA . FURR A A 8 R BT ek i A3
PSS AN AR R T AEAE B 22 5 BRI R AL
M2 25 Cori 1R PR 240 B2 L, 1 b S5 A= IS 445 11
RS s i PR AS N FUFR 70 AT 40 e 3o 2 25 B0 25 e LA I
R PR AR S5 B0 . FEPGIR R geh , FLER T A
J B s KW R0 L KA AR RE , IR Lz 1Ak
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TR A g 5 T 3 7™ A (R B IR BB A% AR 3
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FLIR 1 VE FH 52 B TR 1 o B2 A |, A B 5 B ok
JER AV RONAFAE & o L IR A BRI T 2L
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BE RIEM AR A8 A PR EA SR VE R 5 (1 2SRk
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25 B TR  FLIR B B 1 A A [ A2 i 2 B
HLUEH PR S B AR FH I K R [ i sh 2 % . 1
B IA TR FLIR (1) 22 48 U ZL8; , 7T > MAFLD Bl RS 454
R I T SR I, LA K2 sh Rk 0 Ot A 3B () BF
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3 I LDH X MAFLD B2 B &

JFR R, 0 S R A, 3 LU R K - T
) B PR HE B S A SR T MIET R T
FROGIT, FE WA By 28 KA ARG 00 S A0S A
Bt FLIR K- (1.2 ~ 3.4 mmol/L) i Z R TAET- % (2.0 ~
9.7 mmol/L) , HFLIR W R (9% ~ 50% ) .35 1= T AL T
BH (-33% ~43%) . —TiEFXT 4 628 il v [ 2 BRI
B SR AT b AR I LR K T F o ol 4 41, 45
SRR, MAFLD A9 £8 05 238 B 1l 2L R 7K -0 o v T I 5328
4 (28.9% .36.5% . 43.5% F154.7%) %0, 2 AW K F 5
MAFLD 5 5 IE A . LDH S8 AL PR B R 5 FLIR AH B
REAV ) SRR, FLTEPE v S e LR AR 3 I i S AR
— T XT 855 B AL £ PO AFSE A5 T s LDH I M S
MAFLD "~ H BB R, 45 R R, B I U ER Gk &
HHAMVE LDH KT W m TARAGI# . AL A
g5 A [E A W on AR AE OC BE W PE 48 (metabolic
dysfunction-associated steatohepatitis, MASH) 2 # 9 LDH
K- 58 2 v T IF IR TE R Bl A U 78 1 L R I R MASH
T ER R BN, 03 LDH KRR AR
WEETLAEERE IS , LR \LDH K LR AR A XC 5L KA 7]
B2 T MAFLD [ 55 ™ 5 (1) 98 5iE RN 4T 410 B Bedk JE
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FRE YRGS, SRR A A bR A —
SR B FLIIL T R 2 5 52 Z2 PR AR A 3R T, 4 R PR
DR R (a2 3y TSR R) Ko B DR 22 (RN Zh g
A S RTEAE)  LAE AT RE S EEFLR KRR
T, i HE LA AR S MAFLD 12 W7 15 4394 X% Hil e
TR AT AE SR AR o PR, AR AT ARG ) it i LR B
LDH K- A5 H S I RELT AEAL o (AR & S TR B ARG 7%
it/ ML/ FEAELAR B0 £F AR -4 55500 ARG A (Ui
PSRRI RS IR SO B D L AT RCHERR TR 2R A
F T, WE TR MAFLD i e R 3505 PPAG i HERf v

4 FBEMAFLD A4 %ETHER

MAFLD $5 . # H i 85 1 s Jt ]2 SR ot S+
UL R B 22 W53 (insulin resistance, IR) L 2k ki
IR R AT 8 PR KOT 500 S AR R LR, i
Wi A A FLER AR T BE . #F MAFLD g8 35w, ARG 105
I B B RN BN A0 M A5 R IR N D e Az B, SOk gL
T /D T BE R A, A5 DY R R A R RIE I A AL 32
REL, 32 1M 02 32F L 1R A= S I 5 [ BsF, TR T 400l A S A=
AR SRR T 11 5 7 AR PR I X LR A 3 PR BE T, Bk
SEUME IR AT . Besh, MAFLD B35 % FEBE
16t PR D RE 2 4t , I 18 30 A T 3G 0, 1 R R e AR
() D-FLIR AT 38 o 37 61 0 i 18 B B A LRG3, ik — 2
T e AL MR A . FLRR S EL S MAFLD (1995 21
A B RZ A, T BRGNS Rl sl e &

4.1 SLBRA 5 MAFLD A8 £ IRA4E IR & MAFLD A94%
N FE A L RE S 509% ~ 809% 1 MAFLD % £ IR,
M0 TR AT 3 Ao 2 JH MR B 45 o 49 i g Joi - e, 2 —

AINE MAFLD #F )& . ZLRRACZE AL S IR Z WA 7E % )
(4 FR B R % 56 Z , FLIRR T3l ) 2 Fh ik 12 2 5 MAFLD A
KIRMEEEIRE,

FEACEIRZS T, B 7 20 2 ol SRR P e 1 o8 T 2 30
FUER AL N R B £ . A FLIR L2 52 FH (W MCT1 U6

2R, FLIRA A5 i 107 40 B 9 2 B ik A Jd G S E S
IO, 73 AR A& DR - HE AR, 0T IIE LY S5 40 48 B
BB FEESES, SRS, WAL, HIRN44
SERRALBE A MLAY S FLIR , AT AR TR B 4,
3o P L T 32 14K GRS, 116 240 B P S 11 B
R - P A T, DT 4T o o 25 R
4 1B 85 3 b, BE— 2P N b . BT IRCICH:
Je TP TR ) T 8 ol AT JE 3 S A 36 0 0 J5 45 B A ), 3
AT e — 20 A A By (ORI, B R LR Y A T
B, AT B LR T e - TR 55 708 52 43 A 3 21 L -

FLRRIE— T BRGHEAG PR , 1R 5 MAFLD JEJ%
4.2 SUBRA-F 09 AL B S 3 R R A ik MAFLD
Fe A2 PERIE A AL NS MAFLD 3 JERY IR S R,
P T HIE A Sl i 75 M 1] MASH JFF£F 4 £k 2 140
fids & o FLIRAE o —Fh i AR 501, mlE
I AL JAE SN, il MAFLD 95 BHLEFE o

FLIR & RS B kL IR T 5. B AT R T R A
(reactive oxygen species, ROS) i i = A= | J& 48 Ak I 3 1)
L ROS AT By AT 40 i A 1) i o 4 1 o AR A2
YRSy, 51 R DR B Ak R BB M AT DNA 5495,
AR 05 MFE T AT SO A R 45 5 S SR Al Ay
FESZAR G AR 1 45 BURE OG22 11 3 (nucleotide-binding
oligomerization domain-like receptor family pyrin domain-
containing protein 3, NLRP3) 4 it /|MA 45 JC 4t i %, {1 fiff
TL- 1 %57 S0 PR - A S5 i 4 I e B 858 B
ok o I LR R 4, 7 A2 B 2 ROS, it 7% i3 A Ff
SR PERS . R, ROS I W] 005 JH- B2 R 4 A, 412 i
JREISEET A5 RUANTUAR,, E 4R S T2 4 At e

TESAE VLT 18T, LR AT 38 i 22 b i AR 0 T A
RAEAF 10 % e HEIE R R . — T i, FLRR &
A TS 40 M P9 9% TR kB (nuclear factor kB, NF-kB)
%‘%ﬁﬁﬁ s fﬁﬁﬂ*@%ﬁﬁ? ot(tumor necrosis factor o,
TNF-) \IL-6  IL-1B %54 5 A H A M o0 W, $H 55 5
A% L W 200 i 45 2 A 240 JE 92 40 T JUEE o o 58 i S
53— 75 1, FLER A R 1 8 58 AE 40 M D BEHE 95 AT S
N o F FLER AT A A B ) M1 A (f2 R R Ak
3458 HAR 58 K 773 MARE 1, 1k — B Ain R I 28 A A Jo
DU L3 ¥ 0 FLRRAE TR R Ja v Sl B 35 b k4 B 4%
SRR QAN 1 et (S N 73 2 B Bu s i = TR R D
Jr: m RS SRR B R . ISR s
) FECEHUD F AR FLRR T 5 8 L0 AURE A SH3
SERIRAL S B 3 R A SR AL B e F-box HE 1
2 (R RE R A0 ST HE T , B FLIR/MAT L s 2L
T 28 b IMBAE A GRS , 175 R A M i o, O3 s i
EALIERE . R IE R T IR S8 E R 10
AR BRI T HE 98 5545 17 1) 2L

RO R, FLRR AE MAFLD HE i rh 3 ik 2 22 £y
0, Hm 3 175 K SR AR B IR B S AR 5 DL e =
B A, 5 A A RO R AE By B IR AR, L [R]4f
SR W AR PR ) BT R FFET AL R
4.3 SLERIE L W -AT 4hR 42 MAFLD 89 % £ 2 & J-JiF
bl #y 9y fiE 25 WL AE MAFLD 19 2% 5 L 1 i A7 OC B A
FHUST W3 Py A LR 3 B ph FLIRAT B SUBE R 3 25 35
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A R TR A A S oKL G . TEEEREIRET
T4 S R TS 3 Al 240 TR P AR FH 3 43 M 8 S 44 A
INSE RN ) S iBUNWE 3! € iipe e I (S5p i 2 Ay i L/ 8
SRINT, 25 % A i T8 T R S VAT 1% P i AT . — T i
PP 1 7= LR 2 A B /D 5 5y — T, 7 i o B 2%
PR Clnd fb o 25 22, A ™ L2 48 7 7T e 55 1
B, T 300 TE R LG 2 B LR ACE T i o

g T A U 1 L RS o D KR AR, T 240 ™
A B . WFFE R VR 1 BB AT B Y LR T I el
S JHF 448 6L 1 i s S ARURT A IR, LA WL 76 T 7L
REASIM H FF 20 A P9 NLRP3 S/ MATE AL, 185 [ Wk
T, AT 22 BTSRRI AP TS . Zha 2597 B9 %
B, il AR 2R MR/ B 0T 38 TR R A, Sk APE
O GRRE S R, I 38 490 1 f 3 R R AR AR 2 A ST
WS, i 0 I AR AR S S BR AR E R & AE MAFLD (1
Gy SN 5 T E W L DT RD 78 LR AT 1T, D) PT 05 i 2 R
Fa R KSR MR At vl Rl o W e, DA TG 9 B AT 1
MAFLD. ZWF5ER LR ™ A 1/ (FLERAT 8 ) 5 MAFLD (1)
TR T 57 AHER 2R, £ 7% 3l 2o AR 2 T TR s B LR AR
IEREE , A] BE R MAFLD B 34 Ao 357 L

AN, MAFLD 835 I B s e ik & 45 I 2 m] 33
I T TR RE 22 FE I A T LU, 1 IR i 1 R e
SEHEEME . MAFLD JB38 3G D-FLIK - B T e, B
JHF R 5 A8 PERR BE 52 TEAROG , LI T 5 5 D-FLRRTE FE
WE TG 51 & AL RN RRE RN AT 56, D-FLIR il 175 5
JHF 40 7= A= K f ROS, 34076 NF-wB {5 538 %, {2 #F TNF-
o L6 A5 58 DR J e, o i DE 4% 6 R B DT AR
Sarkar Z SRFS K B, Lo 2 (UM R) IT 93
J 38 7 FLIR DA S 3 2, A A i LR R A T e A
WSy A% IR Wl TR S A i 2 S A D A 5 s, (2 0
IR g T A B 0 £ A A R AR s s i i DI R L 4%
AT, H AR B A R LR S Bl B A L &
JHEREARA A FE 5 10 B AR O 8 S 5 ok LR U o 1 4 Ak
FELF LA F407 o X $7R A Sk T FU S W 114
] AT BEAE T <l ad 3548 70 3545 B (A e FLERFFBR UL,
FFER AR A R+ 100, SRR R S AL AL R Y
Az S AR R , S ) Oy Ak
4.4  SLBRALIEH /£ MAFLD ¥ 8948 A
441 FoMRRHIT FLRRIL B e e 7L R i ek
M T EHE AR L H R E ) BB RS -,
T SO 6 1 T B e s €8 JSOIR A 50 o 5 DR 2 St 5 ok
Bt A A L B, MAFLD & 3% 111 MPC1
R AT R S T — b e AR G N RARAS R IA Y

IS FE LA AR, (H X — i AR B ] e
TR LR A B A, R BE BRI AR I R 2 —
P USRS (Sl 4 ) v, B MPCL i, P9 A R 1 A
LRI D, T BN S LR K T I IR A
RHAEFLIRA MG (I HR K673 A ), Hd Pl , A
17798 /0 i W N Sk B B, 2% i /DS RO B T AR 1k . TE
MAFLD/MASH 55 M = AR IR 155 19 MAFLD /) B AY
Hi, BN LDHB 3G PR3 B % TR . RS 85 , &
JE R W S T R B0 N B IEZLRR & RO  FLRR S B he
J1F B, I 2R 2,15 7 i (p300/CBP-associated factor,
PCAF) ik B 1T O BE Ak 218 P T & 28 i) 2241
il 2 1302 PCAFE Jy LDHB K82 13 15 2, B Ak 1) X i
WA T, HA 1 L BB 230 LDHB 1524 , 25 11 1)
S FLIRTEFRAE J) . H3K9 LBk fk ] 2 2F JIg i & B, 1 40
il LDHB-K82Q 1141 35 I 1 5 H3K9 L WAL A, ]

B THEFR 55 R E )N, TN EE MAFLD, 1] PCAF &
Ik AT FEAIC LDHB ZBtAL , 985 MASH /DN B JHE R D5 227k
442 MASH ZFLRRILEMW RIS 5 50 RV AR,
77 T 2HL 2P 1) G328 2R e T 4 8 g s 200 s ) 40 i
7 R AR R T AR R 3 L A R SRR A L 1
MASH 1 & £ & J& %5 V) A 56, H b B 9 2 48 3006 2
MASH % £E /) C SR AE . FRTRTZE 8 Wi LR 78 1T
25 JE P A A5 S R R R £
AR, LT AT MR T B A 0 I e i s LA
5 BRI | L2000 ] 42 sk =8 23 o LR A8 1 45
SrFALRISEE . AR IEEET LR T R R A 3L
i 1o R AZ 1 GPR81 Y3k, 41l NLRP3 48 AE /MA
8 B, DA TTT A I LL- 18 A 52 A9 AR E S 1 5[] B mT 40 41
NF-«kB p65 WAL AL, , FEAIK NF-kB 5% s 05 M, v/ 2
ST oMb o TE B 22 0 0 L e A A AR AR o 3L
F2-GPR81 1553 % ]tk R 1K TNF-o FTL-6 (477 A2, 310
il NF-kB Fl Yes AH G ER 1119 16 1k K A% 5y A7, 328 1 vk 2 A
RGN P SRR ARG Y L TE MASH T, FLIFR Ui 5 L
T A 5 0K 50 I 240 P o 2 2 22 RO A, , I IDE R -
Li 253 TBE 58  IEA ,  BR MASH AR A5 I
0 A 2 i O R R LA 2 3k L, S BCRL R A AR
W, WHRFLR AT S H3K18 KA FLIR Ik B4 , 1% &1
SR IR 9 S PR S 1 267, 0K 8 5 e 24 o 12 4% 17 M1
FRIRAL, 2 N E IR AE . ZWFRRIEHE &, O
T 2- A T - H3K 1 8la 1E S 5t P I, BV 2 LR Ak T
i — AR R AR AR DG [ 3R08 , S EELM KR E LB
JRGENGER , F e I A 35 RAE S 4H L Jiao %)
FEIF ARG P & BT 2L IE SR BRAIL L 75 1 MAFLD RZS
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TR ZH 2 HA SR 16 FLRR AL I B TN
Tl 22 58 S PRI 4 )P S DA TR P2 I St U 4 o 410
il PDC, BH 1E P9 R R e A =R PR P64l ik LA Ak S 3.
M2 , TR I T FLIR-2H 85 11 HA R 16 FLIRAL- TN i
A ot S T Rt 47 SR Sl , A W iR A W T A QI o 2 A
fedt Rt g . 25 b, FLRRAL B IS 70 T HLHI JAE 1Y
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